ELECTRONICS COMPUTING COMMUNICATIONS BROADCASTING AUDIO AND VIDEO

wireless
world

JULY 1982 70p

Austratia A$ 2.40
Canada C$ 3.25
Denmark DKR. 28.25
Germany DM. 6.50
Greece DRA. 160 00
Holland DFL. 8.00
Italy L 3100

Norway NKR. 24.00
Singapore M$ 5.50
Spain PTS 240.00
Switzerland FR. 6.50
U.S.A. $3.75

Printer mechanism interface
V.d.u. light pen

G.P.1.B./serial interfa;e
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' ELECTRONICS COMPUTING COMMUNICATIONS BROADCASTING AUDIO AND VIDEO
: l

JULY 1982 70p

Australia A$ 2.40
Canada C$ 3.25
Denmark DKR. 28.25
Germany DM. 6.60
Greece DRA. 160.00
Holland DFL. 8.00
[taly L 3100

Norway NKR. 24.00
Singapore M$ 5.60
Spain PTS 240.00
Switzerland FR. 6.50
U.SA $375

Printer mechanism interface
1 V.d.u. light pen
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TRANSMITTER TEST SET, TTS520

Tests transmitters up to 100 watts rating

For testing base stations: mobile or fixed radios: packet
phones: pagers, etc

Instrument incorporates: r.f. counter « modulation meter o
directional power meter o a.f. voltmeter o a.i. synthesizer o
distortion analyser « af. counter « weighting filters o r.f.
power load/attenuator

Transmitter measurements include: frequency « power
modulation {a.m. or f.m.) level. frequency. distortion.
sensitivity. bandwidth. capability « call tone modulation
check e aerial efficiency

Reduces operatar error and fatigue
Compatible with Farnell SS6520 synthesized signal generator
to provide full transceiver testing facilities

Split concept (receiver/transmitter testing) offers distinct
advantages over dedicated test set or discrete instruments

Programmable. Also IEEE488 option available for low cost
computer controlled A.T.E.

Releases skilled engineers from routine tests. More time for
repairs and other tasks

o e i e

Pre-service diagnostic tool. Use printer to record condition of |

Many measuring functions automatic - fewer controls, easier radio as received and to verify performance to specification i
to understand and operate after repair or recalibration i
{

Helps speed up test throughput y
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EPROM EMUILATOR
PROGRAMMER

EP4000

The microprocessor controlled EP4000 will
emulate and program all the popular
EPROMs including the 2704, 2708, 2716(3),
2508, 2758, 2516, 2716, 2532 and 2732 de-
vices. Personality cards and hardware
changes are not required as the machine
configures itself for the different devices.
Other devices such as bipolar PROMs and

2764 and 2564 EPROMs are programmed

with external quules

The editing and emulation facilities,
video output and serial/parallel input/out-
put provided as standard make the EP4000
very flexible to allow its use in three main
modes:

- — As a stand alone unit for editing' and
duplicating EPROMs.

ltems pictured are: @ EP4000 Emulator
Programmer — £545 + £12 delivery; @
BSC buffered simulator cable — £39; @
MESA 4 multi EPROM simulator cable —
£98; @ 2732A Programming adaptor —
£39; @ 2764 Programming adaptor — £64;
® 2564 Programming adaptor — £64; .

GP Industrial Electronics Lid.

Unit E, Huxley Close, Newnham Industrial Estate, Plymduth PL7 4JN

— As a slave programmer used in con-

junction with a software development
- system or microcomputer: :

— As a real time EPROM emulator for
program debugging and development
(standard access time of the emulator
is 300ns).

Data can be loaded into the 4k x 8 static
RAM from a pre-programmed EPROM, the
keypad, the serial or parallel ports and an
audio cassette. Keypad editing allows for
data entry, shift, move, delete, store,
match and scroll, and a 1k x 8 RAM allows
temporary bIock storage. A video output
for memory map display, as well as the
built-in 8 digit hex display allows full use
of the editing facnlltles to be made.

'BP4 (TEXAS) Bipolar PROM Programming
module — £190

Also available (not shown): ® VM10 Video
monitor — £99; @ UV141 EPROM Eraser
with timer — £78; @ GP100A 80 column
Printer — £225; @ PI100 interface for

EP4000 to GP100A — £65.
VAT should be added to all prices

Tel: Plymouth (0752) 332961
Telex: 42513

WW — 020 FOR FURTHER DETAILS
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Flectronic Brokers
Second User Test Equipment.

Makes engineers smile without

making accountants cry.

Electronic Brokers are Europe’s leading
Second User Equipment Company. We carry

large stocks of the very latest test equipment

which is refurbished in our own service
laboratories and calibrated to meet the

A/\NALOGUE VOLTMETERS

Vo
EA113 Electronic Multimeter. .. ... .. £115.00

Bruel and Kjaer
2409 TRUE RMS. Average and Peak 2Hz-

AOOURRE o oot o o e o S £250.00
Fluke
845AB Null Detector . . ... .. AR £610.00

883A AC/DC Differential Voltmeter. . £615.00
931AB TRUE R.M.S. Differential
VL TTIERET R . To o B ah e £750.00

Mewlett Packard
3400A True RMS imV-300V 10Hz-10MHz

...............................

£600.00
3406A 1mV-3V FSD 10KHz-) .2GHz . £850.00

Marconl

TF2600A 1mV-100V FSD 10Hz-10MHz
.............................. £245.00

TF 2603 RF Miltivoltrneter 300uV Sensmvrty

SOKHz 1 S@ "R e - o #0500 aa0600: h

930|A RF Millivoltmeter .. ... . . £525.00
Rohde & Schwarz.
URV RF-DC Milivoltmeter DC SOuV 1050V RF
LOKRIZZ2GR1Z S PR £950.00
ANALYSERS

I%’N Wave Analyser {Sold Worknng =

NOSETERT) oo e b oo £150.00

Hewiett Packard
3580A Spectrum Analyser 5Hz-50KHz
gc

1417/8552B/8555A 10MHz-18GHz £9750.00
332A Distortion Meter 5Hz-600KHz. . £495.00
333A Distortion Meter with Auto null £675.00
8407A/8412A Network Anat ser . £1950.00

8555A Plug in. 10MHz- 186 . £5000.00
Marconi

TF2331 Distortion Meter ZOHz — 20KHz
............................. £475.00
TF2370 Spectrum Analyser 30Hz-110MHz.
0.1dB and 5Hzresolution ........ £6500.00
Racal .

9008 Automatic Modulation Meter . . £425.00
Solartron .

M/ 25 EAT. ST s e - £4000.00
Seund Technology

1700A measures distortion down to 0.002%,
AC voltage 30uV-300V, S/N Ratio 100dB
Dynamic range, power into 82. 0.001%

distortion Osciflator . .............. £950,00

Tektronix
7DO1/F2 Logic-Analyser in 7704A y
O TN o o 6 o B s T £4950.00

BRIDGES

Marcont

TM4520 Set of Inductors ... ........ £350.00
Rohde & Schwarz.

LRT {BN6100} Inductance Meter TpH- lOOuH
ZRZE7 85 KEZE I 395.00
Wayne Kerr

B642LCRO.1% .......... e B £795.00

DVM's AND DMM's

Fluke

8300A 5% Digit DC oniy iM% sensmwty 5
i eSItENIH OO A R Er 750.00
Philips .
PM2523-01 LED 3%2 DigitDMM.. . . .. £95.00

www americankadiohistory com

Solartron.
7055 Microprocessor DMM. Scale Length
20.000. AC/DC volts, resistance. 1uV

[ESOIULIOMEINENE e 5 £495.00
l:lREQUENCY COUNTERS
uke

1920A with Option 13 9 Digit 1GHz . £750.00
1925A Muttifunction, EMI Proof 9 Dlglt
IZSMEIZEEE R T £625.00

Hewlett Packard 0

5340A 8 Digit lOHz—ISG!—{z ... .£3750.00
‘Marcont. \

2432A 8 digit 10Hz-560MHz Battery/Mains

.............. . s 650100
OSCILLOSCOPES

Marc

TF22 l 3/1 +TK2214 X-Y Display and
MEMORYAENEREa N PO ¢ o gon £550.00
Philips

PM 3234 True Dual Beam Storage Oscilloscope
1OMHzNew CRT. ... .... ... £1750.00
PM 3244 50MHz 4 Channel Delay T'Base  *
.............................. £1500.00
Tektronlx

465 Dyai Trace Portable Oscifioscope. DC =
IOOMHz 5mV/-5V/div. Full delayed sweep
............................. - £1395.00
465withDM40 . ... ........... £1450.00
475 Dual Trace 200MHz Portable . . £2000.00
7313 100MHz Storage Mainframe . . £2225.00
7603 100MHz Mainframe with 7A 18N and

7B SSIN/ T . «...... £3000.00
7704A 200MHz Mainframe c/w 7A22 Diff.
Amgplifier, 7A26 Dual Channel. 7880 Timebase

and 7885 Delaying Timebase. . . ... £4610.00

7904 500MHz Mainframe .. .. . .. .£4500.00
'SI Sampling Head. As New. ........ £450.00
7D14 Digital Counter plug-in 525MHz

......... e i oy N NER 50100

34 Opuion 01 Storage Oscilloscope 25MHz

.............................. £2250.00

1150 28T DR £3500.00
P6OISHV Probe ................. £295.00
.Telequipment

DM63 Storage Oscllloscope Fitted with 2 x V4
Plug-ins to give 4 Trace 15MHz .. .. £1350.00
CT 71 CurveTracer .............: -£450.00
Texscan. ;
DUI2012"Display .. ...........:. £425.00
RECORDERS

Hewilett Packard

7045A X-Y Plotter T'Base Metric. . . . £1150.00
_Racal

Store 4DN RMRecorder. .. ........ £2500.00
‘Watenabe.

MCo31 6 Channel 250mm Chart Retorder
................................. £1495.00
Yokagawa

3047 2 Channei 2 cm/HR — 60cm/MIN

B et i o £550.00
SIGNAL SOURCES

Hewlett Packard.

4204A Degade LF Oscillator. 1 0Hz-1MHz.
ImV-10Vinto 60082 ... ......... .. £695.00
6068 AM Slgna! Generator. 50KHz-65MHz.
AOSEBE N, o Beto o o dlo 460006 wadil - £850.00
608F 10- 455MHz AM/PCM Modulatlon 0. luVv-
INCOUDUTRERIERY . . i .00
616B 1.8-4.2GHz int or ext PCM/FM
0uV-0224V . ... ... ... ....; : £1000,00
65|BTest O;cﬂlator 10Hz-10MHz.
O0.ImV-3.16V ... ... ... ....... £415.00
32008 IO—SOOMHZ Sngnal Source ... . £475.00
3320A FrequencySynthe5|zer 0.01Hz-13MHz.
£995.0

862OC + 862508 Sweep Oscillator

BPEI G Z I P.O.A.
86405 c/w options 001, 002, 003 500KHz-  ~
JOZEIVIRR o8 a6 oo oe 008 e ot - £4850.00

‘manufacturer’s sales specifications. When
you buy used equipment from Electronic
Brokers, it can be yours in just days. No
waiting for manufacturers lengthy production
schedules. Allequipment is fully guaranteed.

Marconl,
TF144H/4 AM Signal Generator. 10KHz-

T2MHZ 2uV-2V oo esees e £750.00

TF20028 AM/FM 10KHz-88MHz . . . £1200.00
TF21708B Synchronizer for TF2002B. . £450.00
TF9958/2 AM/FM 200KHZz-200MHz . £695.00
TF2005R 2 Tone Signal Source. 20Hz-20KHz.
O-111dBin0.1dBsteps . ... ........ £295.00
TF2008 AM/FM  10KHz-510MHz puilt in
sweeper. Outguto 2uV-200mV ... £3500.00
TF2016 + TF2173 SynchronlserAMlFM

10KHz-102MHz . ... ... ... ... £2000.00
TF2169 Pulse Modulator for use with TF2015

OnTRZ0 160 . S & B uria Sl . £200.00
TF 2000 AF Slgnal sdurce . ....... . £365.00

T ingelr

:TF 2015 AM/FM Generator 10-5 OMHz

TF 2015 + TF 2171 Generator & Synchronlser

............................... £1850.00
Phillps.

PMS5715 Pulse Generator 1Hz- 50MHz£675 00
PM6456 Stereo Generator. ...... ... 250.00
Racal

9081 Synthesized AM/FM., Phase and Pulse
modulation 5-520MHz ........... £2200.00
Radiometer

SMGT Stereo Generator............ £375.00 .
Telonic

1006A Sweep Oscillator 450 — 850MHz
................................ £750.00
TRANSMISSION
MEASURING EQUIPMENT
Siemens.

D2040 Selective Level Analyser and Voltmeter.
OhZ: 60K ZP R T S £1200.00
D2072 +W2072 Level Meter and Oscmator
SOKHz-100MHz. . ... .......... £2200.00

W 2006 +D2006 Carrer Level Test Set 10KHz-
[ 7MHz. —100t0 + 10dB.... .... 650.00
W/ 2007 + D2007 Carrier Level Test Set

6KHz-18.6MHz. —1201t0 + 20dB . . £1800.00

\Wandel and Goiterman.

PF-1 Digital Error Rate Measuring Set.
Consnsnn? of PFM-1 Digital Error Rate Meter |
and PFG-1 Pettern Generator . . . . ., £2490.00
SPM-6 and PS-6 Level Measuring Set.
6KHz-18.6MHz. —110dBto + 20dB. Mains/
battery operation . ... ............ '£2150.00

MISCELLANEOUS

Bruel & Kjaer -

2209 Sound Level Meter ........... £975.00
Dymar

2085 AF Power meter 20Hz-30KHz | OuW/-
SOW input imp 1.2-1000Q ......... £250.00
Ferrograph

RTS Est et S et . £355.00

luke
332A DC Callibrator 01111 Volts
QUEDESD - oo b A5 Y. . . £950.00

* 3010A Logictéster. Self Contained. Portable.

Fuil Spec.onRequest. . ........... £8500.00
Hewlett Packard.

355E 12dB Programmable Attenuator unused
.............................. .00
8403A Modulator Fitted With 87328 PIN
MODULATOR . ............. ... £1500.00
8412A Phase Magnitude CRT display for
network analyser. .. .. ........... £1500.00
8482H Power Sensor IOOKHz 4.2GHz. AS
INEWE .+ Sy | S B - . £250.00

. 8745A S Parameter Test Set. Fitted with

11604 A Universal Arms 0.1-2GHz. . £2750.00
59308A HP-IB Timing Generator . . . . £300.00

Marcont.

TF2162 M.F. Attenuator. 0-111dB. . . £135.00
TF 2502 RF Power Meter DC — 1GHz 10W
.............................. £525.00
TF2331 AF Dlstomon Meter

201z 2 OK I 25 S £475.00
TF2500 AF Power Meter. 7 ranges 100;4 watts
(00 ZEXOVETETS S ot B jooes o ot R, 275.
TM8339 AC/DC mixer for use with TF2702

................................ £250.00
Phlllps

PM9380 Camera and Accessories {as new)
............................. £200.00

Rohde and Schwarz.
MSC Stereo Coder. 30Hz-15KHz. . . . . £500.00

Schaffner y

NSG 509 Puise Test Generator .. ... .. £785.00
Shackman

Super 7MKNCamera .. ............ £275.00
Tektronlx

141APAL Test Signal Generator . £1750.00
1481C PAL TV Waveform Monitor, £2375.00
191 Constant Amplrtude Sig. Gen. 350KHz-
TOOMHz 5SmV-5.5V .. ... ... ... £250.00
106 Square Wave Generator 1nS risetime
10Hz-1MHz without accessortes . ... £175.00
284 Pulse Generator 70pS risetime . ., £950.00
IS0 MPIR o oo < gacoo -9 oquhe o £3500.00
2901 Time-Mark Generator. .. . ... .. £195.00

Please note: Prices shown do not include AT or carriage.

= 2

il ] e, s
ElectronicBrokers | == — | ==
Electronic Brokers Limited
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i
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61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

WW — 200 FOR FURTHER DETAILS



NRDC-AMBISONIC A‘ ‘ = | A ' New Fluke
4 Digit
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UHJ SURROUND/
SOUND DECODER

The first ever kit specially produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years’ research by the Ambisonic team. W.W. July, Aug., "77. |

The unit is designed to decode not only UHJ but virtually all other ‘quadrophonic’ systems (Not CD4), including the new BBC HJ. 10 input selections. 4

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output siynals are provided in this most versatile unit .
Complete with mains power supply, wooden cabinet, panel, knobs, etc. s i

Comptete kit, inctuding licence fee €57.70 + VAT or ready built and tested £76.95 + VAT & _ o

INTRUDER 1 Mk. 2 RADAR ALARM B D.M.M.s

With Home Office Type approval

L=

The original ~'Wireless World'* published Intruder 1 has been re-designed by Integrex to incorporate several new features, along with improved
performance. The kit is even easier to buiid. The internal audible alarm turns off after approximately 40 seconds and the unit re-arms. 240V ac mains
or, 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells

Here is the expertise . TR _
you can depend on - | speciajjs;’ ' e ST L

etc.
" Complete kit £52.50 plus VAT, or ready buiit and tested - £68.50 plus VAT.
/ ' Display annunciators for low battery

{BT} and special functions: frequency

- % 3 : - : 2 {kHz). dB,fcontinuity ~+.l} and
' : | S~ g relative reference (REL).
w,reless World D o) by noise reducer , When you choose a mast from thg cfomr;‘J_rer; 1 Adtoranaing 13 measrements o 2
‘es In : i i : to :

- Trademark of Dolby Laboratories Inc. . ) ‘ - { hensive Clark range you ar% assuret_ ¢ |a Ig _ - Conductance functions for resistance
R tter than S0 Haignied ‘ standard of Engineering and operational relia ‘ ‘ measrements 10 10.000M &,
Clnppin; I:vel 16.5dB above Dolby level {measured at 1% third bil |ty 4 tseeg?{fggtfg:?éarré;g‘ézgg source diode-
harmonic content) y | f i '

. g h . - semiconductor junctions.

H distortion 0.1% at Dolby level typically 0.05% over S ~ I’
mzr:g?ltfan:is. nsil:;to a maximum of 0.12% i { Why compromlse? ‘ f;lilsgggg ‘(:22)633212{)/21(‘)06 \r;o\]/taagned gxégesgt

§ Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal at Dolby level)’ ranges]

price.
Continuity and relative reference

at Monitor output :
angogoup , g Wideband True RMS AC measurements
2 D Fnge > yuds .
Complete Kit PRICE: £49.95 . var (3 head model available) 36::\7;‘;;5:'9\/'@ EXtended he'g hts 4 metre?':?o metres' capable gx}e?%'a(gz'rotection t0 750 VAC or

. Also available ready built and tested y _ . Pric £67.50 + VAT of “ft'ng headload 1 kg' ; 1000 VDC on voltage inputs and 500 V

Calibration tapes are available for open-reel use and for cassette {specify which) “oree PHiCE E2,75 + VAT 200 kgS. | t | . %’;ﬁ?gﬁgﬁgégg;?g%g go%j;:gr;tin

ACCESS and VISA welcome SeCtiona or te eSCOpm line with a heav:

, y . A > vitt y-duty 3A/600V fuse.

Ali kits are carriage free . Please send SAE for complete lists and specitications . air operated for fle!d Ol’» Sophisticated seif-diagnostics provided
y q . . vehi Cl e mountin g. 4 ] for all range and function selections plus

Portwood Industrial Estate, Church Gresley, : i s for : - LCDdisplay, battery and CMOS

' Burton-on-Trent, Staffs DE11 9PT \c,jvnt-el Otl' g oo, ot \ E;Lcltje't’;ya'%ZA makes many of the same
. Lt , Burton-on-Trent (0283) 215432 Telex 377106 ctayglodgy ¥ measurements as the B060A, at a lower

3 ) g functions identical to 8060A.
Clark Q.T.4M/HP mast shown on tri- 1 True RMS measurements to 30 kHz.

) |
I IADIDCDDE pod, extended to 4 metres and tripod ! . : . Basic dc accuracy 0.05%:; [0uV, 10nA
; folded for transit. Available in heights | EE ¢ S MRS and 10 mQ sensitivity.

up to 12 metres. -y }
This mast is ideal for raising light-

Fluke 8O60A £275.00

The new CE A mICI‘Op ad CLDCKS < weight antennas for field or vehicle ' ‘ Fluke8062A .  £210.00
. 4 mounting. Fluke 8022B. With 2year warranty A ......£85.00
are powerful and comprehensive instruments which receive, decode i Fluke 802 1B.With 2yearwaranty ... ........ .£95.00

Fluke 8020B. With 2yearwarmanty. . .. ..........oooovoos d ..£125.00
Fluke 8024B. With 2 yearwarranty '

Fluke8050A .- .. ........... g MainsModet£255.00 MainsBattery £285.00
FIUKEBOT2A ..ot .. MainsMode!£229.00 MainsBattery £257.00

Fiuke 801 0A : MainsModel £175.00 MainsBattery £203.00

ACCESSORIES

A81-230 Battery eliminator
C90 Carry case for hand held
801-600 Amp clamp
80J-10 Current shunt 10A
80K-40 H.V. probe 40kV ...
80K-6 H.V. probe 6kV . .. .
80T-150 Temperature probe.
80T-H Touch hold probe
83RF R.F. probe 100MHz. ... .
85RF R.F. probe 500MHz
Y8102 Thermocouple probe
Y8103 Bead thermocouple
Y8104 K type thermocouple termination

and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
_nisation systems. .

éppgcations . ; N 7 sy YBLB?I ?eluxe test leads.
Y B utomatic master clock and slave controller. . : SEE - ull Specs. on Request.
The microphone for mobild ® Synchronisation of separate equipment ané events. \ g pey. =~ ¥ shoveprices do notIgclglE curtiage
radio, with D TMFE signatling ® Programmable energy management system. &Y
syl AN b § Commut Cordrione i, b Simply Phone or
greater system flexibility to ® Process and equipment control. Tele r order f
your telecom network, Interface ® Broadcasting,%stpronomy, Navigation s X your o or
Quartz @ Satellite tracking. j ' Immediate dlspatch.
Devices : . g : ; 5
For further information contact thesole agents  Limited if you have a time or synchronisation problem, - ' 4 g{?gérﬁl;llic Bé OrlzeISRLtdd
20 MarkePStreet write or phone for further details of our portable CLARK MASTS LTD. gs 83 Hod
At and new microcomputer-controlled Radiocode Binstead, s London WC1X 9LN
Somerset TA18 g : Isle of Wight, . " Telephone: 01-278 3461
: 03,3 RAYERd I Telex: 298694 Elebro G
Crewkerne (0460) 74433 Telephone: Ryde (0983) 63691, Telex: 86686. . o
Telex 46283 inface g Circuit Services, 6 ElImbridge Drive e DR PP ERFDESIL Y
Ruislip, Middlesex. Ruislip 76962 : I :ﬂ : | :‘
— FUR R DETAILS 4 .
WW — 016 FOR FURTHER DETAILS : WW — 033 FOR FURTHER DETAILS : il DA ;1 — I
4 . ) A WIRELESS WORLD JULY 1982 WIRELESS WORLD JULY 1982 o I a L I

wwiw americanradiohistorvy com



THE HEADSET
- THAT'S WAYAHEAD OF
ITS TIME.

THE DANAVOX HMT 808.

The Danavox HMT 808 is the most advanced headset of its kind that you can buy today.
Employlng Danavox expertise and quality throughout, it offers many unique features at a

remarkably Iow price.

@ Lightweight. Weighs only 35 grams

@ Comfortable and hygienic. Does not go in
the ear so it can be comfortably positioned
in seconds @Versatile. Can be worn under
the chin or over the head using single ear of
binaurally ®@Multiple version mierophone.
Available with either magnetic

microphone or electret with noise
cancelling feature and pre-amplifier for
matching into telephone systems

@® Technically advanced. Pre-amp employs
latest thick film technology @Easy
servicing and repairs. Quick changing of
earphones, cords, earpieces and switches
@ Realistically priced @ Danavox quality

engineering and guarantee.

For full details contact
John Carter at Danavox.

BIS|QIS)\V(©) 4

DANAVOX (Gt. Britain) Ltd.,
1 Cheyne Walk, Northampton NN1 5PT
Tel: (0604) 36351 Telex 312395
WW — 030 FOR FURTHER DETAILS

WIRELESS WORLD JULY 1982

Time’s

for Ni-c’ads!

Available from stock NOW!

1.0 FARAD 1.0 FARAD 1.0 FARAD

SUPERCAP SUPERCAP SUPERCAP
+ +

+
5101 1703 1501
C.MOS Programmable C.MOS
R.A.M. Tuner Chip Microcomputer A

IMONTH _ 1WEEK WEEK ___1DAY DAY

Cambs, PE13 2PS

Telex 32630 ANGLIA G — fast!

! ; WW — 031 FOR FURTHER DETAILS

Only part of the

Anglia range of n Ia
NEC components

Burdett Road, Wisbech, COM PONENTS

Telephone 0945 63281 THE PARTS YOU NEED

STEREO DISC AMPLIFIER 2

THE MOST THOROUGHLY RESEARCHED DISC AMPLIFIER THERE IS
for Broadcasting, Disc Monitoring and Transfer

* Ernest Turner movements 640, 642, 643 and TWIN with flush mounting adaptors and
illumination kits % Paak Deviation Meter # Programme and Deviation Chart Recordars *
*Moving Coil Preamplifier ® 10 Outlet Distribution Amplifier # Stabilizer # Fixed Shift
. Circuit Boards J Broadcast Monitor Receiver 150kHz-30MHz.

1 -

| SURREY ELECTRONICS LYD., The Forge, Lucks Gmn Cunloigh
i ) Surrey GU6 78G. Tol 04886 599
1

Ring or write for full specifications of this or PPM Boxes * PPM2 and PPM3 drive circuits

| P.&R. COMPUTER SHOP
b IBM GOLFBALL PRINTER 3982, £70

| ,EPSON MX-80 80.GPs 3982 IBM I/0 PRINTERS DOT
| ‘MATRIX PRINTER WITH SPECIAL INTERFACES.

VDUs, ASCII KEYBOARDS, ASR, KSR, TELETYPES,

PAPERTAPE READERS, PAPERTAPE PUNCHES,
SCOPES, TYPEWRITERS, FANS 4"’ 5" 6. POWER
SUPPLIES, STORE CORES, TEST EQUIPMENT AND
MISCELLANEOUS COMPUTER EQUIPMENT.
OPEN: MONDAY TO FRIDAY 9 am.b p.m.,
SATURDAYTILL 1 p.m.

COME AND LOOK AROUND
SALCOTT MILL, GOLDHANGER ROAD

~ HEYBRIDGE, ESSEX.
PHONE MALDON (0621) 57440

WW — 051 FOR FURTHER DETAILS
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We supply
HAMEG

for Industry

HM 203 PORTABLE
OSCILLOSCOPE

Dual Trace. DC to 20MHz. 8 x 10cm
display. Risetime 17.5n3. Sensitivity
5mV/cm-20V/cm. Timebase 0.5u5-0.2S.
X 5 magnifier. X-Y operation. Auto or
variable trigger. Channel 1, Channef 2,
0.5u5-0.25. Built in component tester. line and external. Coupling AC. or TV
LPS technique provides stable and low pass filter. Weighs only 6Kg. Size
reliable triggering up to 30MHz £138.00  [m.m.)H. 145, W. 285, D. 380 £220.00

OSCILLOSCOPE

Single trace. DC to 10MHz. Risetime
35nS. 5SmV/cm to 20V/cm. Timebase

HM412-5

Dual Trace. DC to 20MHz 8x 10cm Dual Trace DC-70MHz 8 x 10cm display
display with internal graticule. Rise time with internal graticule. Risetime 5nS.
17.5nS. Variable input 2mV-20V/cm. Variable input 2mV-20V. Add and invert
Add and invert modes. Timebase modes. 95nS Signal Delay Line.
0.5u5-0.2S with sweep delay 100nS-15 Timebase 50nS-15/cm with Sweep delay
X 5 expansion. X-Y operation Z 100nS-1S x 10 expansion. XY
modulation. Trigger CH1, CH2, CH1/2, operation. Z modulation, Trigger CH1,
Line or EXT X CH2, CH1/2 line or EXT £580.00

The above prices do not Include carriage
or VAT (15%).

Simple Phone or
Telex your order for
immediate dispatch.

Electronic Brokers Ltd
161/65 Kings Cross Road

London WC1X 9LN

Telephone: 01-278 3461

Telex: 298694 Elebro G
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NICADS : UK’s LOWEST PRICES

AMBIT'S NEW CONCISE COMPONENT CATALOGUE IS OUT Now - |

Price on the pag

g, AMBIE © . ..
y TRTERNANONALS

Ambit’s new
style catalogue
continues to
lead the market
with low
prices, new
items, info,

3 x £1 discount
vouchers.,
Here's a few
examples of

| some superiow
1 -prices:

BC237/8/9 8p

10MHz XTALS

Modules + Kits etc.

AMBIT internutinnu

—— | direct for s

78XX 1A 37p
3SK51 54p

8 Pole 10.7MHz XTAL filters £14.50
2GHz coax relay 150W £10.95

+ all the usual stuff at rock bottom prices +
Toko coils, crystal and ceramic filters,

micrometals toroids,
switchaes, OKI LS|, Piezo sounders, RF, IF

—-—,.--____--
-

Avaﬂah

i Déwsageat o |

Op inc. ]

o
- -, ,

CAPACITY TYPE 19 1049
500 mAh AA 80 74
2200 mAh c 235 1.99
1200 mAh D 214 2.06
4000 mAh D 3.06 2.85
110 mAh PP3 3.70 3.50

£2 ‘Prices shown EXCLUDE VAT.

Access/Barclaycard may be used
with written or telephone orders,
official MA details on application.

& EO.
POSTAGE and PACKING
50p per order

Fairite ferrites, Alps

TELEPHONE {STD 0277) 230909 TELEX 995134 AMBIT G POSTCODE CM144SG

200 North Service Road, Brentwood, Essex

WW — 049 FOR FURTHER DETAILS

An entire
range of
low-cost
high-
performance
instruments

sabtronics &
‘Making Performance Affordable’

5020A
*B110A
*BO10A
88108

*2010A 3%-Digit L.E.D. Bench DMM
*2015A 3%-Digit L.C.D. Bench DMM

2020 3%-Digit L.E.D. Bench DMM

"~ with Microcomputer Interface

2033 3%-Digit L.C.D. Hand DMM
*2035A 3%-Digit L.C.D. Hand DMM
*2037A 3%-Digit L.C.D. Hand DMM

with Temp.
LP-10 10MHz Logic Probe

Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices - no-one can beat our

price/performance ratio.
Full colour illustrated
brochure and price list from:
BLACK STAR LTD.,
9a Crown Street,St. Ives,
Cambs. PE17 4EB

Tel: (0480) 62440. Telex 32339

WW — 032 FOR FURTHER DETAILS

IBla

1Hz-200KHz Function Generator
100MHz 8-Digit Frequency Meter
600MHz 8-Digit Frequency Meter
600MHz 9-Digit Frequency Meter
1GHz 9-Digit Frequency Meter
10MHz Universal Frequency
Counter/Timer d

600MHz Prescaler

5MHz Singie Trace Oscilloscope -

* Also availabte in kit form.

N O %

~ 40A High Street

EV88 — A low-cost evaluation system for
the 8088 microprocessor

EV88 is a single board microcomputer that is ideal f
evaluating the 8088 8-bit/16-bit micr:oprocessor. EV88 caor:
also be used as a powerful controller, and, with a suitable
cross-assembler running on a standard microcomputer, and
an EPROM programmer, for low-cost development of 8088-
based systems.

EV88 is supplied fully assembled and tested, with compre-
hensive documentation, and a copy of The 8086 Book, by
Rector and Alexy. All you need is a 5V 1A power supply and a
terminal or a suitable microcomputer.

% 8088 microprocessor in minimum mode (software -
tg;le withhthe 8086 16-bit microprocessor)f e
omprehensive monitor in 2K EPROM.
2K CMOS RAM.
Cassette interface.
24 lines of 1/0.
Elght levels of interrupt.
bl:u-§)32 compatible serial interface (300 baud to 9600
Three-channel counter/timer.
Buffered data, address and control lines.
Double Eurocard.
v?dne-g?ard expansion to 16K EPROM/RAM (sockets pro-
Breadboarding area. '
All bus signals available on 64-way DIN 41612 connector.
Single 5V supply.
% Price £300 plus VAT. Includes delivery.
8088/8086 design service available (software and hardware).
A

LFH Associates Ltd.
Stony Stratford

Milton Keynes
(0908) 566660

WW — 061 FOR FURTHER DETAILS
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! Telex: 892301 HARTO G

METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-
14 days’ delivery. Other Ranges and
special scales can be made to order.

Full information from:

HARRIS ELECTRONICS (London)

138 GRAY’S INN ROAD, W.C.1 Phone: 01-837 7937

WW — 015 FOR FURTHER DETAILS

Aegp Yo
Condtacks CLEAN

BY USING A

DIACROM
SPATULA|

Manufactured in France
British Patents applied for

No other cleaner has all these advantages:—
1. Only 100% pure. natural diamond grains are utilised. i ‘

2. Blades are treated with hard chrome to reinforce the satting of the diamond grains, to
obviate loosening or breakaway during use. This process also prevents clogging of the
diamonded surface by residues resulting from use. .

-3. All di ded blades are ified to ensure an ab: ly smooth surface by eliminating
diamond grains which may rise above the surface. This eliminates all excessive
scratching during use.

4. Al diamond grains are figidly calibrated to ensure a perfectly uniform grain size of either
200. 300 or 400.

5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is
calculated to permit proper utilisation and yet pliant enough to avoid undue pressures on
highly delicate relays. A

@ Grain size 200, thickness 55/100 mm.. both faces diamonded. For quick cleaning of industrial

relays and switching equipment, etc. T
@ Grain size 300, thickness 55/100mm.. both faces diamonded. For smaller equipments, like

telephone relays. computer relays, etc. a i
@ Grain size 400, thickness 25/100 mm.. one face diamonded. For sensitive relays and tiny
contacts. Two close contacts facing each other can be individually cleaned. because only one

face of the spatula is abrasive.
_ Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD |
.81 Piccadilly, London W1V OHL. Phone: 01-629 9556 |

As supplied to the M.0.D., U.K.AE.A., C.E.G.B. British Rail and other Public Authorities; |

also major industrial and electronic users throug the United Kingk

WW — 017 FOR FURTHER DETAILS

DISK DRIVES
RKO6 Add-onDrive[NEW] ....£2,200
RPO6Add-onDrive.......... £12,500
RWMOS5 Drive and Control ’
..................... £24,500

RX1 1 DualFloppy &Ctl[NI
RXV1 1 DualFoppy &Ctl(
RX211 DualFoppy&Ctl. ... ... £1,250

N
XEB\g%ualFloppy&CtI&N%. _.f995
NEW] |

PRINTERS/TERMINALS
LA34KSRTerminalEIA. .. ....... £425
LA3BCJKSRTerminal20mA . . .. £450
LA3BHJKSRTerminalEIA . . . .. .. £495

LA120DAKSR Terminal[NEW}£14,225
LA120RARO Terminal[NEW] . . . £895
LA180EDROPrinterEIA[NEW] .£670

LA180P0 RO Printer

Parallel(NEW] ......... - £495
LPO4 800 1pm Drum Printer

=0 R ocr LS £5,500

PTIONS

BCO6S-10Massbus Cable [NEW) £250
BC0O6S-15MassbusCable [N £325
BC11 A-08Unibus Cable [NEW] .. .£70

DL11W Asynchronousinterface . E395
DU11DA Sénchr‘onous Interface . £525
0OUP1 1 DA Synchronous Interface£750
KMC1 1A Auxiliary Processor. . . . £925
KW1 1LRealTimeClock .. ....... £195
KT11DMemoryManagement . . . £750
KW1 1P Programmable Clock. . . . £345
LP11M7258 Printer /F[NEW] . . £325

PDPBA
PDPBA-205 Processor 10%",
F2KWMOS(NEW] .......... £1,750
PDPBA-400 Processor, BKW
Core, KMBAA,DKCBAA ....... £1,500
KCBAA Programmers Console . . 275
MMBAABKW CoreMemory. . . . . £500

OUR PRICE £550

HAZELTINE 1510 - SAVE £330

% 24 x 80 Upper/Lower case ASCII

% 7 x 10 dot matrix % Dual intensity

* 8 Switch-Selectable baud rates 110/9600 baud
* Full/Half duplex plus format mode

% Remote XY Cursor addressing ;

* 12" non-glare screen % EIA/20mA Interface
Manufacturer’s list price £880

Electronic Brokers
DEC SALE

a selection from our huge stocks

All items reconditioned unless otherwise stated

MMBAB 1 6KW Care Memory . .. £995
MSBCBBQKWMDSMem\c’:w. ...8750

RXBE Duai Floppy &Ct![NE ..£995
RX28DualFloppy &Ctl. .. ... .. £1,250
SYSTEMS

MDP11/44 SYSTEM
11/44 CPU 256KBMOS.

Dual TU58, H9642 Cab

RK711 28MBDisk & Cti ~ / £24,750
RKQO7 Add-on Disk

LA120 Console

RSX1 1M Licence

PDP11/44 SYSTEM

11/44 CPU 512KB MOS

Dual TUS8, H9642 Cab

RJMOZ 67MB Disk & Ctl § £37,500

RMO2 Add-on Disk
LA120 Console
RSX11M Licence

PDP11/44 UPGRADES

Complete service offered

including supply and installation » P.Q.A.
of 11/44 CPU and trade-in

of redundant processor

PDP11/24 SYSTEM[NEW)

11/24 CPU, 256KB, H9645

RL21 1 Disk Drive & Ctl,

RLO2 Add-on Disk Drive SB‘! 6,500

KT24 PAX option
VT 100 Console with AVO
RSX1 1M Licence

PDP11/70 SYSTEM [NEW)
11/70CPU, 512KBMOS,
Data System Cab,

RWMOS Disk Drive & Ctt,
TWU77 Mag Tape & Ctl,
LA120 Console

£78,000

Special purchase
of Hazeltine 1500
series VDUs —
manufacturer’s
surplus — ALL
BRAND NEW
BOXED

list price £1050
OUR PRICE £625

HAZELTINE 1520 —

All the features of the 1510 plus buffered
serial/parallel printer interface. Manufacturer’s

WW — 203 FOR FURTHER DETAILS

SAVE £425

== = | =

|
Flactranic BRrolcer

n

Also available — Reconditioned Hazeltine H2000
VDUs @ £299 while stocks last

ADD 15% VAT TO ALL PRICES

Electronic Brokers Ltd., 61/65 Kings Cross Road,

London WG1X 9LN. Tel:01-278 3461. Telex 298694 |
I-:H:I:-I:I:ﬂ: [ [ s

y

Carriage and Packing extra

R DSl | =N
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THANDAR o LRULINY  Now available with

Quality British-made Portable Instruments_ 3 OUTPUTS

MULTIMETERS: T, g,
DM450..........£107

DC 10uHV-1200V  AC 100uV to 750V
DC 0.1nA-10A AC InA-10A
0.010-20M2 4'% digit LED

TM351 ....coco0esesre.. £99 Dm

DC 100uV- 0oy A 00uV-750V
DC 100nA-10A- AC IOOnA-lUA
0.103-20M02 34 digit LCD

{".‘”“7“0" GENERATOR: : POIITABLE 0SCILLOSCOPE:

Freg. Rangs: 0. Siie oMz L. A s £139
Carriage for all Thandar Orders £1

UL POWER UNITS l
|
DEVELOPMENT l

SERVICING

 Type 250VRU/30/25 :

OUTPUT 1: 0-30v, 25A DC
OUTPUT 2: 0-70v, 10A AC

The

SABTRONICS  |m OUTPUT 3: 0-250v. 4A AC A .
% AvailableinKITS % | ==
Making Performance Affordable g‘--
HANDHELDDMM - Asgm' Kit <9 y .
.......................... £3'2.75 2035A..........000r..... £62 £4'9 :?!-: SR “
AC/DC100uV -1000V AC/DC 100uV-1000V . £ I,
AC/DC 10pA-2A AC/DC 0.1pA-2A . o Continuously
Ohms10-20M2 -~ '0hm0.10-20MQ s T VRS

FREQUENCY METERS 8 dlglt LED

81 10A 20Hz-100 MHz.
8610A 20H2-600 MHz ...

. FREQUENCY METERS 9 dlglt LED

86108 10Hz-600MHz (0.1Hz Resolutnon)
80008 10Hz-1000MHz {0. 1Hz Resolution)....
Carriage for all SABTRONIC

SAFGAN BRITISH-MADE SCOPES

Valnadro

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

% DUAL TRACE

% 5mV/Div Sensitivity
* XY Facility

% Z Modulation

% Calibration Qutput
% Portable/Lightweight

QUALITY REEL T0 REEL & CASSETTE TAPE HEADS
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER.
OUR FULL CATALOGUE (PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE-AMPLIFIERS AND ACCESSORIES

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS ' 1 l . mc ro n

LEADER

. C21RPS18 MONOR/P.............s Hole Centres 17mm Apart, 12mm From Head Face
H B24-02 STEREOR/P .. .......... fl.BG C42RPH20 STEREO R/P SENDUST FOR
When uuallty counts B24-07 STEREO R/P FOR DOLBY CHROME/METAL TAPES.. £10,67
LSG 16 £55 — M STOI 8 o -y v oo £9.05 C42RPHO4 ?’LEEREO R/IZGLASS FERRITE
C21ES18 IONQ/STEREO ERASE ULTIMATE LONG LIFE,
e e e s — i | 2000 HEAD.............. 7. £213 HIGH PERFORMANCE HEAD £13.34

Since the introduction of the DC300 in 1967, AMC RON amplifiers have

A compact solid state RF Signal Genera- pos1' AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.A.T.

tor, most suited for checking the IF cir- | & » "ae' &6 @ & 1
s and uners n A, FM and TV sots | £25 €2.8 148 51 Choreh Suest, Cevarnsr MDNDI l I H been used worldwide — wherever. there has been a need for a rugged and
By T T ‘°°Mé‘;,‘,3.‘;°“2'2§1°" Harmorics) St TAISTIR : " reliable amplifier. Their reputation amongst professional users, throughout
2 2 . Toox: 48306 MOKLTH 6. electronic products - industry, has made the name of AMCRON synonymous with power
' N, the
18 amqan= | LCR-740 .......ccooovnn.nnn. £149 WW — 047 FOR FURTHER DE - amplification. For power you can depend on - choose AMC RO
O .rs-: .-. A highly efficient impedance bridge for == === 2 TAH‘S professuonal choice.

measunng resistance, capacitance and

‘ 2 "ﬁ inductance. The D factor of a capacitor o A e X
I i e e e ) For further details contact the UK Industrial distributor:
measured, SPECIALISTS SINCE 1972 = ey A
Carriage £1 PIANOS DOMESTIC OR STAGE : Y An Electronic Backin
ors onts available fro  range | SIX OR 714 GCTAVES i . TR0 Brums, Bas | =
" KITS OR MANUFACTURED =1 Gher Nt meni \ -
ADL % VAI] U . - VOCAL & INSTRU- for 50-100 scores, . -
. Tha most advanged § MENTAL SOLOISTS! using microprocessor—i - - !
shwith d iy I < G.A.S. ELECTRONICS
Ord 0 O a tive action simulat-
. S ing plano key inera T eTT M e s nods
s : ) - i DRUM MACHINE.
nique. T £ Harnay
B e s T s Bk B , 16, ST. ALFEGE PASSAGE, LONDON SE10
b 4 welve instruments b
. ! (T | S emteaunr TELEPHONE: 01-853 5295
ri e '
0 and anger sfects. | Ve ;J..,E."y“f.ﬁ‘;’né” ransioctured. Elsctionc TELEX: 923393 LASER G
Musical Instruments. Prices include V,A.T., Carr,, . ‘
A ] DOMESTIC PRICES Component Kits in- § & Ins. and we operate Telephone BARCLAY .
o clud Keyboard. CARD/ACCESS.
|Ir U . Catalogue £ SIX ™ Competitive EXPORT Quotatians given. |
’ NTUN T available *_| wlikis funher con- |~ CLEF PRODUCTS (ELEC DN[CS)
NARRINGTON just sond GO 2 | g8t SR EOES, A LIMITED :
HIR A4 2AY Msize Full |363.90{ 399.90 | 'and Speaker. ‘Dept. W, 44a Bramhall Lane South |
1925) 64764 L ) aks \ MFD | 59 | 675 Biramhall, Stockport, ghes7h|re K7 1AH
g : 7 WW — 019 FOR FURTHER DETAILS
WW — 026 FOR FURTHER DETAILS b WW — 042 FOR FURTHER DETAILS .
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Compilete audio
measuring system
see the 10

features...

3 - ba

1. Freq. Counter, 2. Oscillator, 3. Noisemeter, 4. Wow & Flutter meter, 5. Level Meter, 6. Distortion,
7. Phase, 8. Power, 9. Drift- 10. Rumble.

Already in use from the small service workshop to Audio Equipment
manufacturers to professional studio to IBA Broadcast station to the “BBC"".
AMSI| provides the solution.

Belgium - Simac Electronics SPRL. Tel: 022192453. Telex: 23662. France —
Tekelec Airtronic. Tel: 5347535. Telex: 204552. Netherlands — C.N. Rood B.V.

Tel: 996360. Telex: 31238. Sweden — Scandia Metric AB. Tel: 20400. Telex: 10766.
West Germany — Keithley Instruments GmbH. Tel: 7144065. Telex: 5212160.

Italy — Telav Iniernational SRL. Tel: 4455741. Telex: 312B27. Spain — Unitronics SA,

time, saves s| e, saves capital i t cost, saves earthin " | Tel: 2425204. Telex: 22596. Eastern Europe, USSR, China - Data Loop Lid.
Baves PRC gpiiaequipmenigest & g 9 Tel: 0306 81166. Telex: 859417, South Africa — Telkor Pty Limited. Tel: 011 489740.

problems. Transportable and easy to use. This low cost comprehensive audio | Tejex: 4-22171.

workshop meets the latest specifications for Audio Measurementwith accuracies

equivalent to many of its stand aidne counterparts. - WAYNE K E RR
10 Instruments, 15 Measurements WKR Limited DurbanRoad

for the pr;'ce of#ne. T'I}at 5 the AMSI... 5&’35‘?5322‘3 PO22 9RL England
romwayne nerr. .

Tel: (0243) 825811 Telex: 86120

{ORDER YOUR FAVOURITE

'ELECTRON GUNS
TV TUBE COMPONENTS

If you are Rebuilding or Manufacturing TV Tubes — We are the
Ieadin% suppliers of Electron Guns and Tube Components to the

: Z
: N\, 0\“ AUDIO ACCESSORIES BY MAIL
* o_,“’ Bl OF OUR 1982 CATALOG
_}'_Xcholzglcfiustry. We specialise in all aspects of Electron Mount 0‘} = OVER 250 ITEMS

Qur product range includes more than 250 laun tyges for Colour, In at QQ‘ INCLUDING DIRECT BOXES, MIC-SPLITTERS,
‘Line, Mono and Display Tubes along with Mount Parts, Bases, Get- SIGNAL PROCESSING, AUDIO MODULES,
ters, Sealoffs, and alt other associated items for TV Tube Production. B

48 TRANSFORMERS & MANY OTHER ACCESSORIES

A Full Technical Back-up and Advisory Service is available to all
5 WITH TECHNICAL DATA

customers Worldwide. )
Please request our current catalogues and Data Information. al"xi1" & USE DIAGRAMS

2 SWAN STREET
nGanTnol\uc u
\ it ~ :
] EMISS ION LTD :gﬁnr : LES ﬁETsSP SMA'LIENSCI'JIVISION
3 [ 1 - [{1k] 1111 Las Vegas Bivd. North

Telephone: (0769) 76452/764100. Telex; 312354 Grifem G Las Vegas, NV 89101-1197 U.S.A.

(702)384~09P3
{800)834-3457
TWX (910)397 8008

L] ¢ |
Se J  \sOMPUTERS
192 HONEYPOT LANE, QUEENSBURY, STANMORE, MIDDX HA7 1EE. 01-204 7525

”

4016 16K Computer

4032 32K Computer

2031 171K Single Drive Floppy Disk

4040 343K Dual Floppy Disk

4022 Tractor Feed Printer

8032 32K Computer

8096 96K Computer

8050 950K Dual Drive Floppy Disk

8023 Tractor Feed Printer

8422 22 Megabyte Winchester Disk £3250
. 9000 SuperPet 134K Multitanguage Computer
< £1295

TOOL KITS (BASIC 2 & 4). SUPERCHIPS
AND ALt SORTS OF OTHER CHIPS

PERSONAL SHOPPERS WELCOME
Phone & Mail Orders accepted

COME AND

CONNECTIONS WITH THE OUTSIDE WORLD! | SEE THE NEW

D TO A CONVERTERS (8, 12 & 16 BIT
ATO D CONVERTERS RESOLUTIONS
X/Y PLOTTERS (A3 SIZE UPWARDS)

DIGITAL INPUTS/OUTPUTS ATIONAL

RS 232: IEEE : CENTRONIC INTERFACES S T AL LS APOION G OBDIES
AS WELL AS BUSINESS SOFTWARE, WE ALSO |- MASSES OF BOOKS ON THE
CAN SUPPLY ENGINEERING . PET&VIC
REQUIREMENTS; LIKE: _____+INTERFACING & CONTROL
DATA ANALYSIS/STATISTICAL PACKAGES SEND US A LARGE STAMPED ADDRESSED
___ TAPEPREP FOR ONC MACHINE TOOLS. ENVELOPE (12x9) AND WE WILL BE DE-
SECTION CALCULATIONS FOR DRAWING LIGHTED TO SEND YOU ALL OUR CURRENT

OFFICES NFORMATION
ANALYSIS FOR CONTROL SYSTEMS : * PRICES DO NOT INCLUDE VAT

ALL GOODS SENT SAME DAY WHEREVER POSSIBLE [
LARGE S.A.E. FOR LISTS ETC. | ™ B ]
i - 0O - D Q :

AN FMmMe

- HANDSOME!

Firstthere was the 130. Ahandheld D.M.M. which still sets the standards our competitors strive to match.
, Next came the 131. The introduction of the 135 saw 42 digits on a handheld D.M.M. for the very
irst time. .
And that same commitmentto innovation has resulted in the latest additions to the range. The Keithley
128 D.M.M. with audio-tone and 870 Digital Thermometer with centigrade and fahrenheit readout.
The result is an unrivalled selection of handheld measuring devices. Each specification carefully
matched to a given need. With performance that looks pretty good on paper. And even better in the field!

Model 135

A6 DIGITAL RFULTIIR TR A

Model 131

Model 870

Model 870 @ 0.025% accuracy @ Centigrade and fahrenheit readout @ Measures up to1370°C

® 0.1°resolution up to 200°C

Model 128 ® Audio-tone with adjustable threshold @ 25 ranges: 5 functions @ 10 amp span

Model 135 @ 0.05% accuracy @ Full overioad protection ® ACU bandwidth to 20 KHz

Model 131 @ 0.25% accuracy @ 25 ranges: 5 functions ® 10 amp span O
Model 130 @ 25 ranges: 5 functions @ 10 amp span ® 0.5% accuracy DI

All models are guaranteed accurate for one year. And built to the S
high standards of quality expected of the Keithley name. >
For more information simply fill in the coupon.

And learn about a range which will serve you . . . handsomely! N

KEITHLEY AN, 0f

Keithley Instruments Ltd : O o¢

1 Boulton Road Reading Berkshire RG2 ONL Q

Telephone (0734) 861287 e

Telex 847047 oY ¢

Also available from Q A
I.T.T. Instrument Services, Tel. Harlow 29522 Q O
'WW — 011 FOR FURTHER DETAILS

=t inhictar: o




& A G i c
PORTABLE MAINS DISTRIBUTION | I nOVRI 3 FBRI’%"IgII-I?/?RKSEenes ARG OB AT ER SINPONENTS
l 0 SO N A LOWEST PRICES - FASTEST DELIVERY
NOW WITH EARTH LEAKAGE DUAL TRACE 'SCOPES e
e e
. EMORIES 78L15 020 ] 4017 045 f741513 - 022 | 7418257 ¥
T 2114 Low Power 7505 055 | 4018 058 | 741514 037 | 7415258 03
200ns 084 } 7912 055 [ 4019 020 {74L515 012 | 7415259 OT8
2708 45005 7915 055 | 4020 058 | 741520 0.12 | 7415261 183
FOR INSTANT MAINS DISTRIBUTION IN — e B T o messrs g opmldn M \7aZ)  wif) uiSe  em
OFFICES, LABORATORIES, WORKSHOPS 2900080 mide o |mn, |42 f8lam oFaen 89
AND FOR MAXIMUM SAFETY e Nae e . e o HOE )68 Ae AR
N13A/6 % 4%ms 390 | nadek oo dozr o3 |isee o3 | TS 036
= £23.40, £1.50 P&P + VAT & i 40 | mopwmwy | dn  1m |7asy o | Ay 64
- 4116 200ns 070 | ZB0CPU 349 | 4033 180 | 741538 015 | 7415368 036
4116 150ns 084 | 7Z80ACPU 309 | 4034 155 | 741540 0.12 | 7418373 0.70
4118200ns 338 | 280CTC 299 | 4035 072 (74(342 033 | 7415374
& i W ait nile  limee g dee e
 V— . - 100ns 325 | 780A DART g% 4042 - 054 | 741549 050 | 7408378 on
BEL 6SW £ :i: 5516 200ns 938 | 780 DMA 985 | 4043 050 [74i851 014 | 74LS379
B P&P 4 . 6116200ns 5.0 | 780A DMA 11.95 { 4044 084 (741554 015 | 7415386 028
£61,£2.25 + VAT 4 8116LP 200/ 280 PIO 2485 | 4045 185 | 741555 0.15 | 74153%0 054
3 £44.50, £1 50 P&P + VAT 13A/4SW 150ns . 761 gg;\s 1’390 Igg :g:g sg ;:g;g s.:: 7415393 058
Y ) CAT CONTROLLER ZB0A SI0-0 11.99 | 4048 054 [74(575 024 | MLSOCKETS
£22.40, £1.50 P&P + VAT EF6345p 950 | B0SIG1  10.99 | 4049 028 | 72576 020 | LOWPRORILE- TIN
EFS364P 594 | ZB0ASIO-1 1188 | 4050 _028 17578 019 pin
ggglggz ”g :gg; ‘ ,gﬁ 740583 A4 }g pin sm
T13A/5. 811595 090 | MK Noolos3  ose |45 TS whn o
)1.75 811596 000 | MK 38864 1447 | 4054 120 [ 74) 590 028 | 20pin 0.14
i e : : | | DS M| e (G 4W [ M 2R A
! Sl LW = FAMILY 79 | 741500 33| 24pn 01
- - : - - - 8TI6A 120 4063 0.85 i
+VAT . DT-410, 10 MHz ‘DT-415 15MHz’ DT-420 20MHz i im |G e lem w7l G R
- 4 S CHT, CH2:5mv/div— 20/div. % External Trigger - R 13 | . 'ee[aee  oap [MiSis ox o o
: N — . % Time Base: 1 sec/div—100ns/div. * Z-Modulation.” =~ ° 8738 145 | 6810 112 | 4070 017 | 7415113 oz;
13A/6SW Sloping ; ' : + XY Facility: Matched XY inputs. “ CAL output 1v TkHz. o conventeRs | |:9%2! 125 | 4071 7 |mis1a o 5 D!" .oz
£26, £1.50 P&P + VAT: j : * Trigger: Level control, & Slope s Graticule blue ruled Bx10 div. (4in. CRT)] ZN425E-8 345 | 8650 130 | 4073 oao | Jisiz2 o3e| REn O3
1. £2, selection. + Size: H215mm, W165mm, D280mm. ZN426E-8 300 | eam2 891 4075 g7 | JALsi23 038 g 50 03
% Auto, Normal, TV Triggering. * Weight: 4kg. ‘ %m%gg 599 | % . BRLAF 14 Ls12d g 20yon 0;”%
- - d : j pin 0
A /§ - PROBE (XI-REF-X10) £11.50 %mgggﬁm o0 & % 142
: d : ZN433C)-10 ) ‘ 40 pi 081
1879, £1.50 BAP £ VAT SAFGAN ELECTRONICS LTD.. el SUMMER MADNESS RS
' — ~ OMFEGA ROAD, WOKING, SURREY  TEL. WOKING (04862) 69580 232610 { ZERD - INSENTION
F ‘ : ! 1 Carriage: England & Wales £7.50 + V.AT.; Scotland £10.50 + VAT. ; FORCHIN
TRQ £38.75, £2.50 P&P + VAT DELIVERY 3 Ex sTocK London Stockist: Audio Electronics - Tel: 01-724 3564 B BARCLAYCARD ZN448 O 24 pin 0.30
\ North-West Smckm Darom Supplies, Warringtan, Ches. - Tal Warnnmon 64764 ZN449 { 28 pin 740
) A 4 v Avon Stockist: LFDHunnev Bath. - Tal: Bath m 40 pin 8.50
FACTORY N O 8 5 7 LO N G STR E ET 7 Cavdlff Stockist: Steve's Electronics Supply Co., Cardiff - TeI (0222' 41505 : 4 FLOPPY DISC
EI H L d Lo i B T P A AL ?35'7'7'?"‘” DISCOU NT it
; s n 0., Newca: . 4
ectronics Ltd. LONDON E2 8HJ Tel: 01-739 2343 ‘ - Birmingham Stockist: PATH, Electranic Servicas - Tal: 021-327 2359 ‘ izl - %2 1006wz 39
. Derby Stockist: RIS Dorby - Tel:(0332) #1235 FD1793 X FOR ANY ORDER 18432 MHz 220
: FD1795 36864 MHz 295
y WW — 024 FOR FURTHER DETAILS _ = || v s OVER £100 s - 88
: WD1395 I (CWO ONLY) 8MHz 188
s b WD1397
' ; WD2143-01 i UNF .
; ] P . || woreot ! MODULATORS
! - > . '} miscruaneous 687IA  18.70 | 4076 082 | 7515 o2e| o mi S
F A SUPPORT CHIPS 6680 1.07 |, 4077 022 | 74/512%6 025 i
.- AY-31015 299 | 6887 0.80 |. 4078 024 | 7415132 044 |
LB Av-31270 705 | 58488 9.11 | 4081 0.14 { 7415136 028 | BBC MICRO-
] Av-3-8910 s | 78 1;-8: foaz o sl 033 COMPUTER
Y-5-1 1 ! :
s MODE; Full half wave 1| Th: Digitel D4060 Noise Measursment System offars an accurate | QV-g-{!gg)g 708 oo ot ‘:%gg ggg 7415145 0.12 ggg“,gAM
operation. ) CLie cal of ing video signal to noise ratio on » U T o A W W e Av-sa-ggm 2:: 68821 229 ! 4502 089 ;,,‘tg};? 332 nggrza%e,m,ﬁ}?
) br or ial TV sy MC1488 055 | 68810 200 | 4507 039 | 7415153 028 110 Kit []
% BANDS; Up to 4 spot MC1489 055 470 | 4508 90 | 7415155 038 | BBC 4 Analogue
frequencies. MC3446 295 | 68850 286 :g}? 3‘.’2 Hisise  038|  Upi
; gl 325 | sso0 ramiLy 4512 080 | 745156 031 R N
v POWER; Receive to MC3487 295 | 6502 345 | 4514 149 | 715160 038 BBC 6 Expansion
800W (PEP). - MC14411 604 325‘2’ ggg :g} g ‘l] ig 7415161 0371 BUSKit 788
: - X A TE ELECTRONKY g’gyg;fu ;g: 6532 5.65 :g}g g;g ;:ll:g}gg ggg cgnﬂtgam 5 225
g n 1.5: ==y RO-3-25130 599 7415162 045 Copnectors for
% SWAH; Better tha ULNZB03A(L203) 0,94 | BOBO FAMILY 4520 080 | 745165 075 | BBC5 . 080
on channef. | D 8085A 520 | 4521 140 | 7415166 0.4 | The above kits make
DV CNIPS 8212 1.70 | 4522 120 | 7418173 089 the full Mode!
' ZN450e 781 | 8216 050 | 4526 070 | 7415174 045] ‘A to Model '8’
ZN450E DVMKIT 1735 | 5224 N o 0% | 7415175 045 Upgrade for the
THE SMC TRAPPED DIPOLE ANTENNA : - 851 300 | s 083 | 7%l oap| S preeaen
has been developed to satisfy the needs of commerical and military users. It is capable of LM301AN 025 | 8253 785 | 4541 089 | 7415191 049 | bought complete
operation between 2 and 30 MHz on as many as four spot frequancies — each capable of e ‘ & ‘, LM308N 089 | 825 390 | 4543 089 | 74519 049 62.00
; man and efficiency with a single coaxial . & CSIL 959 | cmos 4000 ‘& :ggg 29 | 745193 048
aed is offered by the use of SwiC H1Q traps and the incorporation of a ferrite balun in a it AN 214 | StniEs 4556 Sﬁ Bl Ll (new |
full half wave design. NB: Power absorbing termi are not employed. Tha e [LAEPELY 038 | 4500 011 | 4585 082 | s 038 5 A
antenna may be deployed using one or two support masts, installation (lncorpovatmg SMC e mg‘g“gn 3“ 4001 on p ;4"5196 0,57, | INEC, 2 {MON T
light duty portable masts} can ba easily effected by two people in half an hour. LMSS(SSCN o'lg 4002 013 | 7415 SERIES 72&33{ ggg g‘%ﬁe%ay inc
‘20 | 4006 060 | 74L500 d1o it i
PN 228 | 4007 015 | 72501 oMl | Aisesl  ong| L '?;é‘i.ﬁa“' amr
FT180 "PIONEER” HF $58 TRANSCEIVER. L74aoN 984 | 4008 0% | a5 012 | om dstr
1.6-18MHz, 6 hannals 100 wats AF output ! b o 010 038 | S 012 Tisss  ose| ™° B
measuring only X X g . 7415245 088
oy veohg e PRI Tiaehs feob: 205 v Dighe e wm|lE MR mm o on may ) e
Lrg:::;sngpt:ixér.:ra'&dlp:tle and Prlnvg:"r‘v;oﬂ:lle @ Measures signal to noise ratio down to 65dBs SNR 6ft dia. for use in satellite receptio n and Talos b 4015 056 ;ﬁgl? FH ;:Iig%g? g{: capey Sl 3%
unit nc:tﬂonlv very anractlve but highly [ ] gilgﬁlg‘%r;‘a.:, S(';{lR measurements are possible with the mlcrowave transmlSs'O ns. Please send " 208 4015 CEJUIP (i || el
compatitive. 1 n -
@® SNR measurement is pOSSIble in the presence of sync pulises, some . S A E fOl’ fU “ detalls and data Sheet OFFICIAL ' IR 24 HOUR TELEPHONE SERVICE FO QUANTITY
test signals or free running WOE':.I():%':V?E VISA CREDIT CARD USERS ELCH B DISCOUNTS
- ! . ; AVAILABLE
- ' v . @ \Visualdisplay on oscilloscope ensures measurement confidence . - * Ffef ge'\’/'}(TPE'% E";?g)?g er:th everyCorder *
% - & # . ' prices exclude ree on CWO's over £10) &
sou."'l Mlnu"ns coMM“NIcATIo"s I_Tn_ @ 'Full CCIR weighting filtér sets are available Harrlson Bros. L % All orders despatched on day of receipt with full r)e(fund on out of zto‘ékrlterné if requested %
QSEOMNEROAD TOTION  Tlox: 477351 SMCOMM S - - G gla Dl Do MIDWICH COMPUTER CO. LTD
r el: Totton (070 ) 20 Trenches Road ; . .
DIGI-TEL ELECTRONICS Crowborough Sussex | 22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX DEPT WW, HEWITT HOUSE, NORTHGATE STREET,
b Tel: Southend (0702) 32338 ) TEng:\(,)s.IE-' EODMUNDS, SUFFOLK IP33 1HQ
i = - - o 2 .
WW — 009 FOR FURTHER DETAILS WW — 013 FOR FURTHER DETAILS WW - 035 FOR FURTHER DETAILS ( 84 70¥321 TELEX: 817670
WW — 006 FOR FURTHER DETAILS
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Sowter Transformers

With 42 years’ experience in the design and manufacture of several hundred thousand transformers ;
we can supply

LONDON'S TESTEQUIPMENT M IS
CENTRES oF DAYS 1 '

AUDIO FREQUENCY PROFESSIONAL 100 K OHM/VOLT] LCD LOW COST MULTIMETERS | TRIO CS1566A |
TRANSFORMERS OF EVERY TYPE ol P | 0GB Ge 0 8195 20 + 20 MHZ
ranges 15A AC/DC - 2033A Sabtronics version of ahove £39.95
YOU NAME IT! WE MAKE IT! 1.5KV, 200 meg ohms. = HENSOI%emanotabeve o EMAOR TRIGGERED ..
Features mirror scale, button plus Hfe Testar 104 DC (No AC A)/£43.50 ! SWEEP SCOPE i

10%n 3% digit LCD 30 range Rotary switcggus
Hfe Tester 104 AC/DC .95
Catlers will always tind a range of low cost test

OUR RANGE INCLUDES: polarity reverse, electronic

overload protection, taut band 3%%" (140mmj RECT. TUBE. 4

Video/Norm/Auto. Sync.

Microphone transformers (all types), Microphone transformers (all powers), Column Loudspeaker trans- AN, AT (k. (0T A1

Splitter/Combiner transformers, Input and Output formers up to 300 watts or more. :?p:m::l"'“- ' £6750 . gg:r%s?:slz%?also:;e'c?:lzﬂe?ssf:rgerlam SmV/ 0.518/CH2 inv. /X10 Mag. -

transformers, Direct Injection transformers for Gui- We can design for RECORDING QUALITY, STUDIO - ey.us 3L, A RicaLoTenfebichiaiiaiviiomineitolinEg Fgé&zg nHZ/ ' jsed by us at £363.40

tars, Multi-Secondary output transformers, Bridging QUALITY. HI-FI QUALITY OR P.A. QUALITY. OUR +case 1.0.£84.00 S e carectetl meRncehaiglanE S %n Renges.| As advertised DY .

transformers, Line transformers, Line transformers to PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY ‘g"\ £49 . [ CHOOSE FROM UK LARGEST RANGE ] SAVE “Z| umiTeD _0 fﬁy

G.P.0. Isolating Test Specification, Tapped impedance LARGE OR SMALL QUANTITIES AND EVEN SINGLE Inc. VAT o S LARGEST RARE 473,00 VAT v UK c/p£400
TRANSFORMERS. Many standard types are in stock {UK c/p £1.50) with leather case “~ STOP PRESS faw asly 6110 23 range 10A AC/DC, range £43. 1£278.28

matching transformers, Gramophone Pickup transfor-
mers, Audio Mixing Desk transformers (all types),

and normal despatch times are short and sensible.

Exclusive to Audio Electronics .

hold. continuity buzzer plus much more Ratary switch

£50.95

Optional Probes X1:7.95, X10:9.45, X1-X10:10.50

Miniature transformers, Microminiature transformers OUR CLIENTS COVER A LARGE NUMBER OF BROAD-

TRIO OSCILLOSCOPES

for PCB mounting, Experimental transformers, Ultra CASTING AUTHORITIES, MIXING DESK MANUFAC-

low frequency transformers, Ultra linear and other TURERS, RECORDING STUDIOS, HI-FI ENTHU- - - s £ CROTECH OSCILLOSCOPES

transformers for Transistor and Valve Amplifiers up to SIASTS, BAND GROUPS AND PUBLIC ADDRESS o Rl o Scopes with & fhsplays, lageres Range of Portable Scopes mains and battery operated.

500 watts, Inductive Loop transformers. Smoothing FIRMS. Export is a speciality and we have overseas ;:MDTMCEC i ;:;;sspecnlalfeatu:gsw(':;c;:ﬂs - Plus builti

Chokes, Filter, Inductors, Amplifier to 100 volt line clients in the COMMONWEALTH, EEC, USA, MIDDLE CS1562A 10 MHZ; 10 MV; 1 micro sec. Fril [ L e e il 1 W

transformers {from a few watts up to 1,000 watts}, 100 EAST, etc. Send for our questionnaire which, when CS15B0A It 15 MHZ; 10mV; 0.5 micro sec. £341.55 3131 Dual trace 15 MHZ, trg to 35 MHZ, 5mV, 0.5 micro sec.
CS1566A 20 MHZ; 5mV; 0.5 micro sec. £320.00 130mm tube, plus component tester. £276.

volt line transformers to speakers, Speaker matching completed, enables us to post quotations by return. CSI577A 35 MHZ. 2mV. 0.1 micro sec.

= £S1820 20 MHZ; 2-5mV 1 micro delay sweep

4 3034 Battery-mains dual trace 15 MHZ, trig to 20 MHZ
. €S1830 Mk 11 300 MHZ, 2mV, 0.2 micro sec £626.75

built in Nicads, 5mV, 0.5 micro secs. £356.50

E e @ ot ) (Eliminator charger optional £28.75)
. & 0 W e r - ® o °l  CSIST55MHZ, IV, 0.5 micro sec. Multi display Audio saope AsIAGIRRS 2005, sipaia raci ey ggg
Manufacturers and Designers =g ;'» . SINGLE TRACE - £312.80 ; :
o Lo, o ® C013030 5 MHZ, 10mV, fow sweep for observation "elow 1HZ STOP PRESS
N CEiIﬁ{gshgvn\wlLE)F;Eleé &E?ctl?bllﬁhzeg G] 9gl1‘f)f,(ﬁﬁgbl\(l)o.BEonxg:|%ntli i&?i?:?ﬁm SEL Engtand s * and up to 450 MHZ. 75mm display (UK ¢/p £2.03) Owt‘lzatzo Model 3035 was £189.75 - Special Offer £] 6850
k ; 1 ) <: 98 oV ; ‘ DIRECT READ 0SCILLOSCOPE PROBE KITS '

Phone: 047352794 80473 219390 : Telex: 987703G SOWTER (UK ¢/p 50p per 1 to 3) Available BNC plug

or Banana X1 £7.95 : x10 £9.45 . X1-X10

HV PROBE (wkc/» 85p) THANDAR - SINCLAIR

WW — OR FURT. !
Lk SUREES T '0/40KV: 20K Volt  £18.40 £10.50 Also X100 (BNC only) £16.95 Reliable low cost portable instruments, bench models all
25.5x 15x 15cm. Generators mains o%eratﬁglrel%t) battery
) MULT'M ETERS CLAMP_ON_M ETERS (supplied). UK ¢/p Hand models 65p. bench £1.
) - ; DIGITAL MULTIMETERS (3% digit LCD)
: ‘ INSULATION TESTERS . -
IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING TV TUBE REBUILDING m TR s DL g, - 8O O oA

.94
TM352 Hand held, DC 10A, Hfe test. Continuity test £57.44
TM353 Bench 2A AC/DC 1000V AC/DC 20M ohm. Typical 0.25%

. NEW LOW PRICE £86.25
TM351 Bench, 10A AC/DC, 1000V AC/0C. 20M ohm
Typical 0.1% £113.85
FREQUENCY COUNTERS (8Digh) e ’
PFM200A Hand held LED 200 MHZ 10mV (600 MHZ with TP600). -
New Model fitted BNC sockets. £67.50
TF040 Bench LCD. 40 MHZ. 40mV (400 MHZ with TP600) £126.50

Faircrest Engineering Ltd. manufacture a comprehensive
range of equipment for processing all types of picture tubes,
colour and mono. Standard or custom built units for estab-
\ished or new businesses. We export world-wide and have an
excellent spares service backed by a strong technical team.

PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH  PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.

|

{UK c/p 65p or £1.00 for two)
| CHOOSE FROM UK's: LARGEST RANGE

Full training courses are individually tailored to customers’ kbl cags :

WE PAY TOP PRICES AND COLLECT requitemerts’ - KAT100 12 range pocket 1K /Volt £50 | Multirange clamps allwith resistance | TF200 Bench LCD. 200MHZ. 1030mV (500 MHZ with (TPS0),
: ' B L Nl &, " p I T10L 12 range 1K/Volt + overlead £5.75 range, carry case & leads. Also dng]ntal £166.75
For full details of our service contact Neil Jupp NH55 10 range pocket 2K /Volt £6.50 and DC clamp in stock (UK ¢/p 79p) ;Eﬁnﬁf%a"s”éﬂ'bo Prt;]scalgr l“; m\all STl £43.13

\ 875 11 range pocket 4K/Volt £1.50 | sT300300A600V9ranges  £25.95  (All bench models) mains opera 5
: > 3 : " ING LTD AT1 12 range pocket Deluxe 2K /Volt . £805 | ST310300a800Varanges  £28.05 | 16100 Function 1HZ-100 KHZ. Sine/SQ/Triangle/TTL  £90.85
BHnAnFlElns & MAvco nISPOSAls FAIRCR EST ENGlNEER i 5 - NH56R 22 range pocket 20K / Voit £11.50 | K2602150a, 606V, AC 7 ranges £35.95 | T6102 Function 0.2HZ-2 MHZ Sine/SQ/Triangle/TTL ~ £166.75
g 3 ‘ l YN380TR 19 range plus Hfe test 20K /Voit £1495 | k26063004, 600V, AC 8 ranges £49.50 | 76105 Pulse. 5MHZ-5HZ (200nS-200mS) various outputs £97.75

: i ' ' corner ; /KRT8001 16 range 10 amp DC range. « | K2803300A,600V. AC 9 ranges £59.95 | OSCILLOSCOPE (Bench madel low power portable)
21 Lodge Lane, N. Finchley, London, N.12. § mins. from Tally Ho Mol 4 Union Road, g;?):dgsr:{ 554% 2XX | i Stk £1295 | o0t S0n ooV AGaranaes E3908 | 10MHZZ ttace. Tomv: 01 micro soc Al faiites,
Telephone 445 2713/0749 (9461} 01-684 142 2 ST303TR 21 range plus Hfe Test 20K/Volt £1895 | K21031000A. 750V. AC 9 ranges £95.00 | Mode! SC 110 £159.85
AT1020 19 range Deluxe plus Hfe Test 20K/Volt £18.85 | “Optional temperature probe  £13.80 | Rechargeable battery pack £8.83. AC adaptor/charger £5.69

OPTIONAL ITEMS
Carry case (bench only) £6.84 AC Adaptors (state model) £5.69

KEITHLEY PROFESSIONAL
muULTIMETER UK ¢/P 75D

Mode! 130, 25 range. Easy to hold and use | et
LCD DMM. Size 7x3.1x 1.5 [ EEEED
h

WW — 044 FOR FURTHER DETAILS ECT5000 As KRT5001 plus colour scales SOK/VoI;:m 0
7081 18 range double 10A DC 50K /Volt £23.75
TMK500 23 range plus 12A DC plus cont. buzzer

30K /Volt 24.
188m 36 range large scale 10A AC/DC 50K/Volt £28.50

AT2050 17 range Deluxe plus Hfe tester 50 K/Volt |

ELECTRONIC INSULATION TESTERS

Battery operated complete with carry

case (UK c/p £1.00)

YF500L 500V /100Meg. Plus 0-100 ohm
£85.00

K3103 600V/100Meg. Plus 0-2.6K ohm
£109.00
K3106 500V & 1000V 1000 & 2000Meq.

' WW — 041 FOR FURTHER DETAILS

THE MOST
ECONOMICALLY — PRICED

- pn
pov Lol R, d
Wy 1 jou e

A

.95
1AT210 23range Deluxe 12A AC/DC 100K /Volt  £32.50;

TV COLOURGENERATORS

o 119.00
K4101 Earth resistance tester £149.00

& - s X 1380TR 23 range large scale 10A AC/DC Hfe test Fanges
PROFESSIONAL EPROM v L e onm. 1KY AGHDC, 100 KAl £ Mo00 Hand cranked insulation testat. . pG Volts 200my-1000 0.5% 100 micro voit| (@R | - PAL UHF and VHF Models
g ——————m - e ‘ SUITABLE e £79.50 1 AC volts 200mV-750v 1% 100 micro volt | |§ LCG3BIVHF Gpattern ~ £143.75
pROG RAM MERS AROUN D DATAPROM | ) 2 SCOPE ADD ON UNITS  rop aLL scopes DC current 2mA-10AMP 1-2% 1 micro amp LCG382u UHF 15 pattern  £228.85
' L\__“__ ALDETRES HMTED LTC905 Semiconductor Curve tracer £9545 , LCG392v VHF 15 pattern ~ £231.19
: (post 85p) LCB399 VHF /UHF 13 pattern £572.70

MC101 UHF pocket colour} £162.50

| WZ65 Co Ti
mponent Tester Fitted NICADS

£20.95
(Post 55p)

SUITABLE FOR EPROMS;
2708, 2516, 2716, 2632, 2732, 2732A
plus option for 2564, 2764

DATAPROM

LLI}G&%%!’I&BE (LKep S > é\c current 2mA-10AMP 2% 1 micro amp
eader esistance 200 ohm-20 Meg 0.5% 0.1 ohm
:zr:if:;m-,;z? = e
10Mhz probe £28.50€5== 90 | 'Model 129 as above £79.35
‘Order by Post |
with CHEQUES/ |
ACCESS/VISA

or Telephone
your order

Allow uptoiOday
fordelivery

S
i — 1 —F—— -

301 EDGWARE ROAD,LONDON, W2 1BN,ENGLAND. TEL 01-724 3564 I
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2

NE ARE CFEN 6 DAYS A NEEI~CALL IN AND SEE FoR YONZELF L,

WW — 005 FOR FURTHER DETAILS

STARTING AT £395 + VAT . :
Albetros {Products) Limited Frances Road Basingstoke Hampshire RG21 3DA
Telephone (0256} 57551

| etc. free on request.

"WW - 057 FOR FURTHER DETAILS

a0
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AUnio

L The firm for Speakers

Just @ will cring you the latest Wilmslow Audio
80 page catalogue packed with pictures and specifications ‘ 7
of HiFi and PA Speaker Drive Units, Speaker Kits, - )

CabinetKits. ...
7000 items for the constructor.

CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS — PLUS MICROPHONES -
AMPLIFIERS — MIXERS — COMBQOS — EFFECTS -
SPEAKER STANDS AND BRACKETS — [N-CAR
SPEAKERS AND BOOSTERS ETC. ETC.

» Lowest prices — Largest stocks *

* Expert staff — Sound advice *

* Choose ‘your DIY HiFi Speakers in the comfort *
of our listening lounge.
(Customer operated demonstration facilities)

* Ample parking *

* Access - Visa - American Express accepted * I [ i
b ¢ | it i '1;[:‘ i
10 2
The firm for Sp.m 0625 529599

35/39 Church Street, Wilmilsow, Cheshire SK9 1AS

with Spectrum
Analyser—we call it the SUPER—S

A portable communications service monitor from IFR,
light enough to cgrry anywhere and good enough for - =20
most two-way radio system tests. R

The FM/AM 1000s can do the work of a spectrum INDUSTRIAL MUSCLE
analyser, oscilloscope, tone generator, deviation meter, AT A REALISTIC PRICE
modulation meter, signal generator, wattmeter, voltmeter,
frequency error meter—and up to five service engineers
who could be doing something else!

A PRACTICAL TOP UP!
MM-100 MULTI-METER
Simply replaces the protective lid of the FM/AM 1000s. It
includes a modified probe. PB-114, and a built in speaker
unit with independent volume control for audible response
to signal measurement. This practical ‘top up’ will perform
the following functions. &
Sifess t'\gggj{e;‘oeaifm L * POWER BANDWIDTH DC to 100KHZ + 1db : a Profe o i
Distortion: To 30% * OUTPUT POWER IN EXCESS OF 500 WATTS PER - A OND OR
DC Voits: Up to 300 volts and up to CHANNEL INTO 2 OHMS ] | g OMPO QO
800 volts when the X10 probe is used % el OR IN EXCESS OF 1KW SINGLE CHANNEL IN ‘
‘Z\E?Hvo'tsd g%(ixRMS maximum for frequencies between BRIDGE MODE INTO 6 OHMS
zan 2 4
8hms Usntr)mg the modified prolbe p?rt n)%%bﬁr PB-114, * HARMONIC DISTORTION LESS THAN 0:01% DC* O cIllO Displa
prosicapibeimeatrgdion s Xilis TO 100KHZ AT 1KW INTO 6 OHMS Radar, Compute
% AM M d on the RF I lied to the ¥
EMJAM-1000 unit Sigha appliedita * INTERFACE BOARDS CAN BE CUSTOM DESIGNED A i ETHE
AND BUILT TO CATER FOR A WIDE RANGE OF
OPTIONAL ACCESSORIES
A choice of R.F. power attenuators and protective - SPECIALISED USES
carrying cases. i * OUTPUT MATCHING TRANSFORMERS AVAILABLE \ : 3
L TO MATCH VIRTUALLY ANY LOAD S
For further information contact Mike Taylor * UNCONDITIONALLY STABLE INTO ANY LOAD Orpington, Kent BR5 30
: Fieldtech ' * BASIC PRICE INCLUDING BRIDGE MODE : elephone: Orpingtg 099
: . Heathrow Ltd. SWITCHING AND HANDL A BEELL
Q.| | Fieldtech ooy HITCRING AND ANDLES Fag8
ering| | Heathrow o g:aytg§7 e S & R AMPLIFICATION g
Tel 07857 6445 6 Tanners Hill, London S.E.8
s a = - Telex: 23734 - 01
IFR prec|S|on5|muIators FLDTEC G - Telephone: 01-692 2009 A
== - . WW — 038 FOR FURTHER DETAILS :
WW - 025 FOR FURTHER DETAILS / . " s o L . -
20 WIRELESS WORLD JULY 1982 WIRELESS WORLD JULY 1982 WW — 021 FOR FURTHER DETAILS 21

wwan americanmdiohistory com
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Used test equipment, calibrated to Manufacturer’s original specification.

ACQUSTIC & VIBRATION
BRUEL & KJAER
1621 Tunable Band Pass Filter
2113 Audio Frequency Spectrometer
2203 Sound Level Meter
2215 Sound Level Meter inc. Oct. Filter
2218 Sound Level Meter inc. Leq.
23058 Level Recorder inc. 50 dB pot.
2625 Vibration pick-up amplifier
2808 Power Supply/ Mains Adapter
2972 Tape Signal Gate
4230 Sound Levei Calibrator
4423 Noise Dosemeter
4424 Noise Dosemeter
CASTLE ACOUSTICS
CS181 Sound Level Meter & Calibrator
C.E.L.
112 Environmental Noise A nalyser
144 Environmental Noise Analyser
DAWE
419C Audio White Noise Generator
1461CV Vibration Analyser
1463B Y% Octave Filter
1465 Octave Band Filter

KISTLER -
B504A Charge Amplifier

WAYNE KERR
B731B Vibration Meter inc. probe

Prices
from£

1400
450
1050
1475
1350
350
90
200
120
350
375

295

300
500

190
350
200
150

200

270

BRIDGES & V and | STANDARDS

Carston
Electronics L
01-267 531

CINTEL .

2773 Inductance Bridge 160

HEWLETT PACKARD

4261A Digital Automatic LCR Bridge 975

4342 QLC Meter 22 KHz-70 MHz 2600

MUIRHEAD -

" D30A DC Bridge 0.15% 180

WAYNE KERR

B224 RCL Bridge 0.1% 500

B521 LCR Bridge 115

B801/CU681/Q801/SR268 VHF

Admittance Bridge with source and

detectar transistor adapter & D.C. Contro}

Unit for transistor measurements 760
COMMS & CABLE TEST
EQUIPMENT

DYMAR

BC282 Battery charger for 883 Radio

Telephone 80

883 Radio Telephone — VHF band — hand

held 245

MARCONI .

TF2091 White Noise Generator (éxc. filters) 1000

TF2092 White Noise Receiver (exc. filters) 1000

TF2809 Data Line Analyser 600

NORTHEAST ELECTRONICS

TT5378 Psophometer/ VU Meter 200

SEIMENS

12033 Psophmeter 475

S.T.C.

74106 Bridge Unit 135

741848 Selective Level Measuring Set 600

74216A Noise Generator 300

74281A Psophometer - 300

742628 White Noise Generator & Receiver - 2000

74307C Level Measuring Set 175

74834C Distortion Measuring Set 6500

96016 Selective Null Detector 200

[ e —— sl

td
-I:,

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.

i
All items have a 12 month guarantee unless otherwise stated.

rston;

GTA-2 Quantization Distortion Tester

GTA4B Pattern Generator
COMPUTER EQUIPMENT
(90 day guarantee)

CENTRONICS

702 matrix printer

HEWLETT PACKARD

'9835A Desktop ~omputer 64K + expanded

1/0 ROM + HP — IB interface. Inctudes

C.R.T. Cartridge Tape Drive — Fult

documentation test tapes etc.

TEKTRONIX

4610- 1 Hard copy printer for 4010 series

computer display terminals
COUNTERS & TIMERS

FLUKE

1912 520 MHz 7 digit Counter

1912A01 As 1912A but'inc. re-charging

batteries

1920A 520 MHz 9 digit Counter inc. Brst.

mode

1920A14 1250 MHz otherwise as 1920A

HEWLETT PACKARD

5300A /53058 1300 MHz 6 Digit Counter

5345 500 MHz 11 Digit Counter Timer

Prices
fromf

800
900

5900

375
430

576
750

425
2000

Prices
fromf
SYSTRON DONNER
6053 3 GHz 9 digit Counter BCD O/P 7%0
5103B Strip Printer for 6053/6054 375
TEKTRONIX
0C5017 Digit 100 MHz Counter'— TM500
Plug-in 180
VENNER !
1000F 32 MHz 7 digit counter/timer 190

DIGITAL TESTING EQUIPMENT
HEWLETT PACKARD

1600A Logic Analyser 16 ch 20 MHz 1150

1600S Logic Analyser 32 ch 20 MHz 2250

1602A Logic Analyser 16 ch 10 MHz 900

1615A Logic Analyser 24 ch 20 MHz 4850

TEKTRONIX

832 Datacom Tester R5232/V24 1150

833 As 832 plus BERT/BLERT feature 1300
MAINS TEST EQUIPMENT

DATALASB

DLO019 Mains Interface for DLS05 300

DRANETZ

606 3ch Volts Av/Spike/ Time/ Printer 2950

616 2ch AC 1ch DC Volts/Av/Spike/

Time/ Printer 3300

MARCONI TF2020
50 KHz - 520 MHz Synthesised

Signal Generator

High Accuracy — High Stability
High Performance — Full AM/FM Facilities

LOW PRICE!

Two units only available at this price

£5500

MARCONI
TF 2432 560 MHz 8 Digit Counter

PHILIPS

PM6614/02 520:MHz 9 Digit Counter TCXO
PM6624/02 520 MHz 9 Digit Counter Timer
TCX0

PM6661 80 MHz 8 Digit Counter
RACAL-DANA (E.I.P.}

371 18 GHz 11 Digit Counter with Source
Locking facility el

371 18 GHz 11 Digit Counter with high stab
xtel option. Source Locking facility,

HP-IB opt g

8110 50 MHz 8 Digit Counter Timer

9025 1 GHz 8 Digit Counter

9903 50 MHz 7 Digit Counter Timer

9905 200 MHz 8 digit Counter Timer

350

750
180

4950 |

5500
320
450
350
360

- BRADLEY

GAY :

LDM AC/DC/Spike/Time inc. Printer
MISCELLANEOUS

A.l. INDUSTRIES

TCS General Purpose Gas | eak Detector —

intrinsically safe 290

192 Oscilioscope Calibrator 825

COMARK

1601BLS Thetmom 10ch 87 + 1000°C type K

N.B. Thermocouples not included

CROWCON

71P inflammable Gas Detector/ Alarm

DATALAB

DL80S Digital Transient Recorder/Display

Storage

50

125

%

1050 °

Carston._arsten.

Prices Prices
from £ from€
FLANN PHILIPS
16/11 Rotary Vane Attenuator WG16 25( pM3207 15 MHz5mV 2 Trace TV trig 270
HEWLETT PACKARD PM3211 15 MHz 2mV 2 Trace TV trig 299
342A Noise Figure Meter PM3212 25 MHz 2mV 2 Trace TV trig 439
X382A Rotary Vane Attenuator WG16 PM3233 10 MHz 2mV 2Ch fixed delay Dual
536A 0.96-4.2 GHz Cavity Frequency Meter Beam 250
MEGGER i PM3244 60 MHz 5mV 4 Trace 2T base 1250
BMS 500V 0 - 200 m{l tester. Batt op. Pm :(23 m:i ::x g I::c'g :se 1475
MJ4 1kV 0 200m tester. Hand Drive :MM ce2lpage T
MULTIMETRICS TRO
AF120 Dual H/Pass L/Pass active TEK NIX
filter 20 Hz - 2 MH 465 100 MHz 5mV 2 Trace 2TB 1600
rEONLS SO «. ' 4858 100 MHz 5mV 2 Trace 2T8 1685
PHILIPS . 1 476200 MHz 2mV 2 Trace 2T base 1750
PM 5501 Cofour TV Pattern Generator 476A 250 MHz 2mV 2 Traca 2T base 2200
PM 6519 Colour TV Pattern Generator 485 350 MHz 5mV 2 Trace 2T base 3800
PM 6456 Stereo FM Generator 5842 2 T/base plug-in 50 MHz Trig for 5000
RADIOMETER series Mainframe 326
SMG1 Stereo FM Generator 981/4S3/5T1A 1 GHz Sampling scope 596
ROHDE & SCHWARZ 7A18 75 MHz 5mV2.Trace l?lug-in ] 420
BN252 Transistor Y Parameter.Test Set 7A22 1 MHz 104V Differential Plug-in 595
SCHLUMBERGER 7A26 200 MHz 5mV 2 Trace Plug-in 8556
3 TestS 7853A 2 Timebase Plug-in 100 MHz Trig 350
4010A VHF/UHF Radig Telephone Test Set 7403N 76 MHz 3 slot M/ Freme 990
S.T.C. i 7603 100 MHz CRT r/out3siot M/Frame 1350
Z:::;)J Attenpator 0-9 d8 5(?9 in1d8 . TELEQUIPMENT
3 . DB3/V1/V1 15 MHz 2 Trace 1mV 370
74616A Attenuator 0-100 dB 60022 in 0.1 dB ] DE3/VE/VE 15 MHz BV 2 Trace & fixed
steps —— delay 390
TEKTRONIX 5615 MHz 5mV 1 Trecs 136
184 Time Mark Generator TEXSCAN
T g 278 (13120 Large CRT XY Display with
Vaveform Monitor B dulation 280
575 Semiconductor Curve Tracer P o hold p
1485C TV Waveform Monitor PAL/NTSC  31g, ¥ote: we haid a range of cameras P.O.A.
TELONIC OSCILLOSCOPES (STORAGE)
6001 RF Detector with Log Amplifier — HEWLETT PACKARD
Analogue display & recorder O/P. 0.4-130 181A 100 MHz Mainframe Scm/pus 2500
MHz — 80 dB range 1703A 356 MHz 10mV 2 Tr 2TB 1000 Div/ms 1400
YELLOW SPRINGS * + ITEKTRONIX
'YS$157 Water Pollution Measurement < 466100 MHz 5mV 2 Tr2TB 1350cm/us 2950
System k 7313 25 MHz 3 slotM/ frame split screen
NETWORK ANALYSERS/ 5cm/us 1700
PHASEMETERS 7613 100 MHz 3 siot M/ frame 4.5¢m/us 2700
DRANETZ . POWER MEASUREMENT
301A Analogue Phasemeter 5 Hz-500 KHz HEWLETT PACKARD
GENERAL RADIO 422A RF-Microwave Powermeter for use
1710/11/12/140.4-500MHz 115 dB range 3. %‘éﬂwﬁes%en?nm 5 430
o-ax sensor for 432 meter
= X4B6A Power sensor for 432 meter W.G. 16 160
8407A/841N2A/86g1: 1(|)0 KHZ-1t10 MHz 432A/478A combined price 550
complete Network Analysersystem | ¢32/x486A combined prics &0
comprising Analyser, Phase/Magnitude 8482H Co-ax sensor for 435/436
dispiay and Sweep Generator. 508 or 750 100 KHz-4.2 GHz 20
system available. 80 dB dynamic range MA| k
8745A S Parameter Test Set0.1-2 GHz RCONI
11570A Accessory Kit for 8405A 11 Z02R.F. Powermeter DC-1 GHz 10W max 475
11600A Transistor Test Fixture 2503 R.F. Powermeter DC-1GHz
TO18/T0-72 g 100W max 800
11602A Transistor Test Fixtures 6460/6421 Microwave Powermeter &
TOS/T0-12 sensor 0.01-12.4 GHz 500
11604A Universal extension.arm for 8745A POWER SUPPLIES etc
11605A Flexible arm for 8743A ADVANCE
MGS- itchi .
OSCILLOSCOPES & s 20 Switching PlSU module 5V-20A g
ACCESSORIES BRANDENBURG
800 EHT Power supply 3-30 KV-1mA 450
g FARNELL
CROTECH Oscilloscopes B s s "1
These are brand-new Egg/zo 0-30V-20A variable 225
H ments L5V - 20A PSU module 80
Instrume. 830/10 0-30V-10A variable 190
3030 15 MHz 1 Trace 5SmV built-in EWLETT PACKARD
component tester 1 B 0-40 V variable 30 A Metered V + - 678
3033 15 MHz 1 Trace SmV battery 5 PULSE GENERATORS
operation 2 DVANCE
::(::;ﬁSOD:Hz 2Trace SmV battfa 3605 52A Modular pulse generator system —
g le range of configurations — cost
3131 15 MHz 2 Trace SmV built-in -
TS G ' 248 lent on modules — typical 650
3337 30 MHz 2 Trace 5SmV with signal
delay

BICMATION )
350 Compact XYZ Display
GOULD ADVANCE
0S1000B 20 MHz5mV 2 Trace
HEWLETT PACKARD
1740A 100 MHz 5mV 2 Trace 2T8 T 14
182C 100 MHz Mainframe . - 1
182T 100 MHz Mainframe with digital
normaliser interface

1804A 50 MHz 20mV 4 Trace Plug-in
1825A Dual Timebase Plug-in 50
1805A 100 MHz 5mV 2 Trace Plug-in 67

8 take Access or Visa.

.Larston Electronics Ltd
01-267 5311

tirley House, 27 Cainden Rd, London NW1 9NR. Telex: 23820

Dh b=,

Prices
from £

PG5002D 0.1 Hz-1 MHz 50V 1002 Double
pulse R.T. 15ns

HEWLETT PACKARD

8011A 0.1 Hz-20 MHz 16V 502 RT 10ns inc
Burst mode

8016A Digital word generator to 50 MHz

9 x 32 bit

LYONS

PG73N 20 MHz 10V 502 R.T. 5ns

RECORDERS & ACCESSORIES
BRYANS SOUTHERN
BS314 Chart 107 4 Pen 16 speed
DCM
8100W Wow & Flutter Analyser
EM
LVDT Linear Disptacement & Transducer
FYLDE J
154 Bridge supply and Amplifier
HEWLETT PACKARD
680M Chart5” 1 pen 8 speed
7015A XY 1 pen Ad size
HONEYWELL
56008 instrumentation tape recorder 14 ch
FM/DR
MICRO-MOVEMENTS
M10-120/ A Compact UV 10 ch 7 speed
recorder (inc. galvos)
PHILIPS
PM8251 Chart 10" 1 pen 12 speed

475
3400
390
1800

50
110
750
700

9000

1900

. SELABS

984 6 ch galvo preamp + DC bridge supply
6008 UV chart8” 25 ch 16 speed i
6150/51 UV recorder 12 ch-inc 6 ch amps
SEIMENS

M336 Chart5"” 1 pen0-20mA F.S.0. but
can readily be adapted by intemal links to a
wide range of volt and current
measurements

SOLARTRON
3240 Modular Data Logger system
Note: UV recorders are priced less galvos

SIGNAL ANALYSIS
EQUIPMENT
AIRMEC
210 AM/FM Mod Meter 2.25 MHz-
300 MHz
248A Wave Analyser 5-300 MHz
853 Wave Analyser 30 KHz-30 MHz
MARCONI -
TF2330A Wave Analyser 20 Hz-76 KHz
RADFORD
DMS2 Distortion meter 20 Hz-20 KHz
SOUND TECHNOLOGY
1700A Distortion Meter 10 Hz-100 KHzinc.
oscillator
WAYNE KERR
A321 Wave Analyser 20 Hz-20 KHz
Note: see also “Spactrum Anslysers”

SIGNAL/IFUNCTION/ + SWEEP

GENERATORS
FARNELL N

gg

160

P.OA.

g & ¥3B

. $58G520 10 MHz-520 MHz Generator —

Auto Phaselock. AM/FM and SINAD
feature. Reverse power protection
GENERAL RADIO

1362 Generator 220-920 MHz
GOULD

J38 Generator 10 Hz-10 MHz O/P level
meter & Attn,

J4 Generator as J3 but no output level
meter

$G21 Generator — Square Wave only
0.3-100 MHz .
HEWLETT PACKARD

80
204C Oscillator 5 Hz-1.2 MHz 230

Contact us for a cash quote on your u

74

2040 Oscillator 5 Hz-1.2 MHz inc. 80d8
attenuator :

608E Generator 10-480 MHz AM/Pulss
8614A Generator 800-2400 MHz
AM/FM/Pulse

8620C/11 Sweep Generator Mainframe
with HP-1B

86222A 10 MHz - 2.4 GHz Plug-in for 8620
system

86230B/1 1.8 - 4.2 GHz Plug-in for 8820
system

8660C/86632A/86603A Synthesised Signal
Generator 1-2600 MHz AM/FM digital
readout, push button controls, BCO
programmable

IEC
F51A Function 1 mHz-10 MHz
Sin/ Sq/Tri/ Pulse/Ramp

MARCONI

TF144H/4S Generator 10 KHz-72 MHz AM
TF955/2 Generator 0.2-220 MHz AM/FM
TF2000 Generator 20 Hz-20 KHz-111 dB
attenuator

TF2002/3MI Generator 10 KHz-72 MHz
AM only a
TF2011/S Generator 98-140 MHz FM only
TF2012 Generator 400-520 MHz FM

- TF2015/1 Generator as 2015 with narrow

FM deviation

TF2020 Synthesised AM/FM Generator
50 KHz-520 MHz. Built-in modulation
oscillator. State of the art performance.
‘Can use on GP-IB with optional adapter
PHILIPS

PMS5108L Function 0.1 Hz-1 MHz
Sin/Sq/Tri O/ P meter — 50 and 600€2
PM5127 Function 0.1 Hz-+ MHz Sin/Sq/
Tri/Rmp

PM5129 Function 1 mHz-1 MHz Sin/Sq/
Tri/Ramp/Pulse + Sweep + Burst
RADIOMETER

MS27G Generator 0.3-240 MHz AM/FM
TEXSCAN

9900 Sweeper 10-300 MHz 8/in CRT disp
VS60 Sweeper 5-1000 MHz
WAVETEK

1570 Waveform Synthesiser 100 uHz -
1MHz BCD Prog.

SPECTRUM ANALYSERS
HEWLETT PACKARD
141T/85528/8555A 10 MHz-18 GHz
system
3582A 0.02 Hz - 25.5 KHz 2 channel Real
Time Spec, Analyser using F.F.T, inc.
Phase measurements

MARCONI

. TF2370 30 Hz- 110'MHz Digi-store display

built-in counter and tracking gen

TEKTRONIX

715/L3 20 Hz-5 MHz Plug-in for 7000 series
M/Frame 10 Hz resolution. Sensitivity

— 148 dBV. Impedance 5082, 600§ and
1MQ. C.R.T. readout. Digi-store display
7113 1 KHz-1800 MHz Plug-in for 7000
series M/ Frame

7118 1.5-18 GHz Plug-in for 7000 series.
High resolution. Digital storage display.
Built-in pre-sslector

7603/715/L3 System with display

20 Hz-5 MHz

7603/71L13 System with display 0.1-1800
MHz

7613/7113 System with storage/ var.
persist, display

7603/71L18 System with display 1.5-18 GHz
(60 GHz with external mixers)

VOLT/MULTI-METER
(ANALOGUE)

BOONTON

92C AC/RF 10KHz-1.2 GHZ %mV-3V

Y Y
£ AN
Carston’ .1y o
7
Prices Prices
fromf - from€
HEWLETT PACKARD N
280 ° 400E 10 Hz-10 MHz 1mV-300V DC O4P 285 BN
400 400H 10 Hz-4 MHz 1TmV-300V 75 BN
411A 0.5-500 MHz 10mV-10V DC O/P 175
2800 427 AC/DC/V/Q 196
3400 TRMS 10 Hz-10 MHz 1mV:300V
2380 DC-O/P 390
o LEVELL 2
TM11 Analogue Multimeter AC/DC/V/1/2 116
1600 M.L. ENGINEERING
NAMV — DC sensitive u Volt/ nAmp meter
centre zero 45 RN
MARCONI Y
14000  TF260010 Hz-10 MHz 1mV-300V AC + OC SN
o/P 230
TF2604 20 Hz-1.5 GHz 300mV-300V 426
375 ° PHILIPS
PM2404 Analogue Multimeter
560 AC/DC/V/i/Q 100
870 PM2504 Muitimeter AC/DC/V/I/£ 120
RACAL-DANA (E.I.P.)
760 9301 RMS 10 KHz- 1.5 GHz 100uV-300V 550 N
VIBRON/E.I.L. . g\§
g 33B-2 1mV-1V Electrometer 200 BN
ss0  VOLT/MULTI-METER (DIGITAL)
BOONTON
1350 92AD3% Digit 10KHz-1.2 GHz 10uV res. 525
FLUKE
8010A 3% Digit AC/DC/V/I/RTRMS 140
8010A01 3% Digit as 8010 + int. re-chg.
6900 barts. 159
8050A 4% Digit AC/DC/V/l/Q/dBTRMS ' 215 NN
‘ 8050A014% Digitas8050 + int. re-chg. X
426 betts. 245 BENN
8200A 4% Digit DC only. Fast reading N
450 systems V. meter
8300A 5% Digit OC only. Fast reading
846 systems V. meter 1100
8800A 5% Digit AC/DC/V/Q Auto Range
TRMS
586
GOULD
525 DMM73% DigitAC/DC/V/I/f .75
g0 HEWLETT PACKARD &
3490A 5% Digit AC/DC/V/ AutoRange 750 [N
PHILIPS N
1600 PM25174 Digit AC/DC/V/I/Q Auto Range DN
TRMS 110
PM2522G 3% Digit AC/DC/V/I/ 145
PM2624 4% Digit AC/DC/V/1/Q Auto
10250 Range 299
PM2527 4% Digit AC/DC/V/1/Q TRMS
Auto Range 626
5750 ' :
pe———ee = - R oo I
LOW COST CORNER N
7500 Items in this box have 30 day N\
guarantese only. 9
AIRMEC
6750 210 AM/FM:Meodulation meter from
2.25-300 MHz 150
7700 HEWLETT PACKARD
1600A Logic Analyser 16 channels 20 MHz
Clock rate 930 \\\
8500 HEWLETT PACKARD N\
y 608E 10-480 MHz AM/Pulse Signal NN
7750 Generator 220
gooo M.L. ENGINEERING NAMV
D.C. Sensitive nAmp/uVolt meter —
9900 centre zero 30
TEKTRONIX
9600 575 Transistor Curve Tracer
TAYLOR '
62A AM/FM Signal Generator4-120MHz 85 %
N
» CEEESSSSTe—

7

.

der utilised test equ

«full details and specification of equipment listed, available. Because of long copy dates this list is not comprehénsive — ring for inventory
Jfbdate or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.30 am -5.00 pm (lunch, 1-2 pm). Prices exclude delivery and VAT.
WW — 052 FOR FURTHER DETAILS




PCI1 1002 IEEE THERMOCOUPLE CONVERTER

The PCI 1002 is a 12 Channel |IEEE compatible

MICROSYSTEMS LTD

thermocouple converter having two input ranges
of + 10mV or £100mV: F.S.D. selected by an
internal switch. It has 12 Bit resolution of the A
to D converter giving a resolution of 0.06 deg.C

- 10mV

range and covers all

thermocouple types.

common

Cold Junction Compensation is provided giving a

resolution of 0.2°C on 100mV range and 0.02°C

on 10mV range.

Linearising software in Basic using optimised
coefficients for ranges and thermocouple types.

Two other channels are provided via BNC input

sockets on the front panel. Input ranges are |/V .

for 10 mV range and + 10V for 100mV range.

CIL MICROSYSTEMS LTD
DECOY ROAD, WORTHING, SUSSEX.

TEL: 210474.

PRINTED CIRCUITS

FOR WIRELESS WORLD PROJECTS

~Audio compressor/limiter—Dec. 1976—1 s.s. {stereo)

Cassette recorder—May 1976—1 s.s.

Audio compander—July 1976—1 s.s.

Audio preamplifier—November 1976—2 s.s.
Additional circuits—October 19771 s.s.
Stereo coder—April 1977—1d.s. 2s.s.
Low distortion disc amplifier (stereo)—September 1977 —T's.s.
Low distortion audio oscillator—September 1977—1 s.s.
Synthesized f.m. transceiver—November 1977 2ds. 1s.s.
Morsemaker—June 1978—1 d.s.

Metal detector—July 1978—1 d.s.

Oscilloscope waveform store—October 1978 —4 d.s.
Regulator for car alternator—August 1978—1s.s.

Wideband noise reducer—November 1978—1 d.s.

. Versatile noise generator—January 1979—1 s.s.

200MHz frequency meter—January 1979—1 ds.

High performance preamplifier—February 1979—1 S.S.
Distortion meter and oscillator-—July 1979—2 s.s.
Moving coil preamplifier—August 1979—1s.s.
Multi-mode transceiver—October 1979—104d:s.
Amphflcatlon system— Oct. 19793 preamp 1 poweramp .

'Digital capacitance meter—April 1980—2 s.s.

Colour graphics systemi—April 1980—1d.s.

Audio spectrum analyser—May 1980—3 s.s.

Multi-section equalizer—June 1980—2 s.s.

' Floating-bridge power amp— Oct. 1980 — 1 s.5. (12V or 40V) .
Nanocomp 6802 or 6809 — Jan., July, 1981 — 1d.8. 18.5. eereerrsescsnsrmsnmnsareansrnnns £9.00
Cassette interface — July, 1981 — 1s.s. £150
Eprom programmer — Jan., 1982 ~ 1 d.s

Logic probe — Feb,, 1981 - 2d.s.
Modular frequency counters — March, 1981 — 8s.s. ......
Opto electronic contact breaker (Delco) — April, 1981 —
CB synthesiser — Sept. — 1d.s.
Electronic ignition — March, 1982 — 1 8.8,

. £4.00.

- WW-055FOR FURTHER DETAILS

SWITCHES
Gold-plated contacts.
Sealed bass. ideal for pro-
gramming. B-position at
less than half

Wil fit into 14-pin dil
socket. Ten at G5p ea.; per
100 55p ea.

HONEYWELL PRDXIMITY
DETECTOR integral
amplifier, Bv. 0.C., £3.50 82,

PHOTD CDNDUCTIVE
CELL, £1.25. High-powaer
Cds cell, 60OMW, for
control circuits

menufacturer's price | i
Resistance 800 ohm to 4K.
. OnLy Max. volts 249, Size 112 x

T5p 20

n.
RIBBON  MICROPHDNE
with pre-amp. on chassis,
£1.05.

e
MULLARD MODULES
P11 LP1178
IF. Strip AM, FM
Front end
Pair £5.75
Complete with Data
LP1186 P57

varicap Med. & Long
£5.00 Tuner £2.50

CRYSTALS COLOUR TV

4433619 mc/s £1.25
Miniature type sealed

ULTRA SONIC
mmsnucms ONC/S.
Compfate on 18in.
Screened cable, £1.75

.85,

ULTRA SDNIC.
TRANSMITTER. Complete
unit (uncasad requires
1.5V}, £3.

FOSTEH DYNAMIC
MICRDPHONES. 200 ohm
impedance. Moving coil.
Complete on chassis. £1.75
pai.

UHF. IDULATORS
Latest type, adjustable,
ideal for computers.

with data circuit

Siza 3x212x1 inch .

Only £3.50

LM380 Amplifier ............ B5p
LM318N HIP-SIew Op. Amp.
£1.50

MINIATURE HIGH-
QUALITY FANS

'Whlsper Model” by Ro-

LM323K, 5v. 3-amp. req.

uun lless then 10 wan.s)

.| Silent runnm? 115v. (two
0

Mechenisms 6 ar 12 m
Com

esds +
Erun and Solonom Brlnd
new ... ... E5.50 ve.

BIllDGﬂECTIFIEﬁ
?5 amps
I‘ﬂxl‘ax Yain. €£3.50

Haif-inch red common
anode will replace
DLY0/A4-pin Dil.

In screenad case in s:‘ngs 415 234%)
50/50 z. Size x X
MINIATURE EDGE Tin. v “’“"."uﬁ"“ PaTS
INDICATOR METER °"'|~:Dﬁ5:51*°“ .
th |Ilummaled dial scale | LM 100 AL
0-10. F.S.D. 100 microamp. [M39IN Dual Com. BRAND NEW 20" P~
Size 114 x 12 x V2 deep. | 7905Reg. —5v... 50% less than manufactur- § g =y
Only £1.65. er's price o .
MONSANTO STENED CASSETTE TAPE | WEWLETL.PACKARD EX-MOTOROLA
9 Quali
Half-inch replacement for most 5+ 5-WATT
+ 1 Display tecorders with mounting 5062-7650 | CAR
ngaln;er;‘sny plate. Record/Replay £2.80 / STEREO
setof 4350 MARRIOTT TAPE HEADS § EFFICIENCY
Rommionarodsl Quarter track. AND VERY BRIGHT} AMPUHERS
14 Pin Dil Package ;'F?;Sw R/ Rablay Onty £1,00 each | Complete and tested units.
h.. T E200 Setof 6 for €5 Medium and Long Wave.

Supplied as two built units
15 X 2 X 2in.} with circuit
and data. Only £5 pair.
includes pre-amp.

Fuil spec. but no polari
band. Per 1,000.............£H

MINIATURE ‘MP.C.

POTENTIOMETERS. Mode!
M2. High-quality, 5%
tolerance, 2-watt, with tin.
spindles  All values, 47
ohms-47k only 60p each
per 10; S0p each per 100;
40p each.

RECHARGEARBLE
BATTERIES

DRYF{T 6-vol b
£1.50

XTAL 'FILTER 107 mc/s.
12.508 separation,
1l2x1axtinch £1.00
100KC/S + 1 meg. 3-pin

£200

VARTA 36 volts DEAC,
I/AH 22 £1.50.

“GHERRY"’ ADD-ON KEYPAD

LIST PRICE
£22.00

Sl 01IR PRICE

with  Keyboard

plus four extra keys.

A compact 12-button
keypad suitable for use

extend “its “tunctions
Supplied brand new

A3 x 4 non-encodsd
A8 single mode keyboard

Logic

Spend Less

LP-1 Logic Probe
The LP-1 has a minimum detachable
pulse width of 50 nanoseconds and
maximum input frequency of 10MHz.
This 100 K ohm probe is an
inexpensive workhorse for any shop,
lab or field service tool kit. It detects
high-speed pulse trains or one-shot
events and stores pulse or level
transistions, replacing separate
tevel detectors, pulse .
detectors, pulse stretchers

and pulse memory devices.

All for less than the price of a DVM

£31.00*

©OModel LP-3 ilustrated

Test More

LP-3 Logic Probe

Our LP-3 has all the features of the LP-1 plus

extra high speed. It captures puises as

narrow as 10 nanoseconds, and

monitors pulse trains to over 50 MHz.

Giving you the essential capabilities

of a high-quality memory scope

at 1/1000th the cost.

LP-3 captures one shot or low- | &
rep-events all-but-impossible to |

“detect any other way.

All without the weight, bulk,

inconvenience and power L

consumption of conventional methods.

£49.00*

© Model LP 3 silustratet

[+ 1E7F21

(-]

The New Pulser DP-1

The Digital Pulser: another
new idea from G.S.C. The
DP-1 registers the polarity of
any pin, pad or component
and then, when you touch
the ‘PULSE’ button, delivers
a single no-bounce pulse to
swing the logic state the
other way. Or if you hold the
button down for more than a
second, the DP-1 shoots out
pulse after pulse at 1000 Hz. L
The single LED blinks for each single
puise, or glows during a pulse train.
If your circuit is a very fast one, you
can open the clock line and take it
through its function step by step, at
single pulse rate or at 100 per
second. Clever! And at a very

reasonable price.  £5§91_00*

©Motel LP 3 illustrated

(-]

o
3
o=

LP-2 Logic Probe
The LP-2 performs the same
basic functions as the LP-1,
but, for slower-speed circuits
and without pulse memory
capability. Handling a 4
minimum pulse width of 300
nanoseconds, this 300 K ohm
probe is the economical way
to test circuits up to 1.5 MHz.
It detects pulse trains or
single-shot events in TTL, DTL,
HTL and CMOS circuits,
replacnng separate pulse detectors,
pulse stretchers and mode state
analysers.

(Available in kit form LPK-1£12.50)

£18.00*

©Mode! LP 3 illustrated

d
—
—

E-e1l  HAOUC O3AGS HEMH

*price excluding P.&P. and 15% VAT- The logic probes shown are alf suitabie for TTL,

DTL, HTL and CMOS circuits.

il GEN BN DEN NN NN BEn BN ANE D BN DO Gan BB DO DO R N
G.5.C.{UK) Limited, Dept. 7i i, Unit 1, Shire Industrial Estate, Saffron Walden, Essex CB11 3AQ.

GLOBAL SPECIALTIES CORPORATION
Prices include P &P. and 15% VAT

’ Lp-1 |£37.38 [ 2. ] 1 po |£22 42 I_Oﬂ.l LP3 | £58.08 Iﬂ‘“’_{ op- 1] £60. 95}ﬂ.lm< {ms 52 LO"_'VI I
l Name Address i

G.S.C. (UK) Limited, Dept. 7ii
Unit 1, Shire Hill Industrial Estate,

/_or debit my Barclayi:ard/Access/ I
exp. date

l | enclose Cheque/io. for £

Boards and glassfibre roller-tinned and drilled, Prices include QUANTITY DISCOUNTS on ALL items (unless stated), 15% per 10, 20% per 50, 25% per : American Express card no. ‘ :
VAT and UKgpostage Aurrenan a:g 330‘:/1 Europe add 10%. In- 10. All tems BRAND NEW (uness Otherwise stated). . Saffron Walden, Essex CB11 3AQ. I FOR IMMEDIATE ACTION — The G.S.C. 24 hour, 5 day a week service: For Free 1
8 ket carl6%. Ramnittance with order to- ’ DELIVERY from stock — Add post 35p per order. TELEX 262284 Telephone: Saffron Walden (0799) 21682 : Telephone (0799) 21682 and give us your Barclaycard, Access, American Express catalogus
EXPORT enquiries Transonics 1 : Lnumber and your order will be in the post immediately. tick box [
M.R. SAEIN, NANCARRAS M“.l., THE LEVEL invited Mono 1400 Telex: 817477. ‘ D DN BEN BN BEN BEn Dm BB GG GG OWR BN B =N [

01-723 1008/9

CONSTANTINE, FALMOUTH, CORNWALL
: Callers to: 404 EDGWARE ROAD, LONDON § :

- W2 1ED
WW — 037 FOR FURTHER DETAILS s ALL MAIL ORDERS/EXPORT ENOUIRIES 11/12 PADDINGTON GREEN, LONDON= W2
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AMocron
INDUSTRIAL
MUSCLE

% P E DC — 45KHz + 1dB.

* OUTPUT POWER IN EXCESS OF 1 5KW INTO 2.75 Ohm LOAD
{CONTINUQUS R.M.S.)

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.

* HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6

HMS.
* PLUG iN MODULES CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS. 3
% UNIPOLAR AND BIPOLAR DIGITAL INTERFACES FUNCTION
GENERATORS, AND MANY OTHERS.
_ % OUTPUT MATCHING TRANSFORMERS AVAILABLE TOMATCH
. '\:/LIJR[UCA)APLLx ANY LOAD.
L EN AND SHORT CIRCUIT PROTECTION GUARANTEE
~ INTO ANY LOAD. a4
* TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.
- % INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.
* 3-YEAR PARTS AND LABOUR WARRANTY.
% UNITS AVAILABLE FROM 100VA-12KVA.

For tull details on all Amcron Products write or phone Chris Flack M o d e I - M 600
Analogue Associates

. PROFESSIONAL INDUSTRIAL ELECT! RONICS

P.0.BOX 3

ATTLEBOROUGH
~NORFOLK NR17 2PF

Tel: 0953-462477

WW — 060 FOR FURTHER DETAILS

FO ' | -
ERASERS i DEVELOPMENT LAB - E
ey 1 | 1
ow , compact unit to !
erase up to six EPROM’s BE PREPARED VIEW THRU LENS #
qmckly and mfely 10-60-min- . s\ ot 1 l
ute clectronic tim Ideal for the experimentsr R ;
£59. 13 +V.A.T. B THIS DOSIMETER WILL AUTOMATICALLY A
DETECT GAMMA AND X-RAYS o |
UVI1B _ B UNIT 1S SIZE OF FOUNTAIN PEN & CLIPS '
As above but without timer. ONTO TOP POCKET FREE [Ecpance service [ :
£46.95 + V.A.T. B PRECISION INSTRUMENT 3
. : W MANUFACTURERS CURRENT PRICE OF A ®
S L (UKD ‘ SIMILAR MODEL OVER £25 EACH 0 i
IN USE IN DESIG e e T o B ‘ r ;
E IN DESIGN . or prompt very. - itish design & manufacture. . !
LABS & EDUCATIONAL AlSeraibbitat R o Testod and flly guarenteed, Excstock deivery. | COMPLETE i
ESTABLISHMENTS Technomatic L1 : = WITHDATA Il |
AROUND THE WORLD Betrelali weicome
_ NORTHERN ELECTRONICS 01-723 1008/9
51 Arundel Street, Mossley, Lancashice  Tel: Mossley (04575) 4119 . s : 404 EDBWARE HDAD, LONDON W2 1ED
WW — 050 FOR FURTHER DETAILS Mmﬂ Orders/Export Enqumaat _to.- "-12 Paddmmpn Gr?ofl, Lfmdm‘ wz . &

With 1,100 instrument cases in
over 750 sizes, and some 250,000
case parts currently in stock, we

Certainly enable you to box clever.
A practical solution to every
electronic packaging requirement,

w1thout the problem of high tooling

S , S ~ costs, that’s our aim at West Hyde. By being able to supply an

electrical instrument, we can certainly make sure when it

help you to box clever! For more information
send for our catalogue, price £1.00 inc. P&P.

EST HYDE

West Hyde Developments Ltd., Unit 9,
Park Street Industrial Estate, Aylesbury, Bucks. HP20 1ET.

WW — 012 FOR FURTHER DETAILS
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WWW americant:

‘off the shetf’ enclosure for just about any electronic or -

comes to enclosing your particular product, we can’

Telephone: Aylesbury (0296) 20441. Telex: 83570 W HYDE G.

- . = 3
EYLo=

AMPLIFIERS and SYST EMS

i ‘reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19" crates
small size—low

weight—realistic

prices.
Fylde
. Electronic
49/51 Fylde Road Preston Laboratories
PR12XQ Limited. i
Telephone 0772 57560 y /

WW — 014 FOR FURTHER DETAILS

Send for Catalogue 82 before August
31 (60,pages Ad— 725 st paid) and
ﬁ»ve you TH 70p REFUND
VOUCHERS FREE valid for spandmg
singly at any time on any one CW.O.
order minimum list vatue £10to
gmckly save you a total of £2.10. Send
'Op.now for your EV Catalogue 82 + 3
free vouchers by return . ., and allin

+  addition to the other benefits
{discounts, Euarantees to spec., brand
new stock, etc) you enjoy by huylng
from Electrovalue.

/ :
"+ USUAL DISCOUNTS -+ FREE POSTAGE

DISCOUNTS

$% on orders over £23 (inc. -y SEMICONDUCTORS/ICS/OPTRONICS

10% on orders over £57.50 (inc. * 6 MPIHEIIS/SOFTWAIIE gtc

V.AT) % CAPACITORS/RESISTORS

* CUNHEGTURS/SWITBHES/KHOBS
ES/METERS

on most catalogue items but
not on payments by’ credit

cards. o % POTS/FERRIT
Not. charsged “on UK, orders * BOOI(S/SOI.IJEII T00LS
over £5.75 {inc, V.A.T.). If under, and more and-more and more

add 40p hendling charge.

ELECTROVALUE LTD 28A St. Jude’s Road, Englefield Green, Egham,
Surrey TW20 OHB. Telephone Egham 33603 {London 87 33603: STD 0784 33603) Telex
264475 Northern Branch (Shop service only) 680 Burnage Lane, Manchester M19

TRANSDUCER and RECORDER ' \ :

1NA. Telephone 061-432 4945
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The Keithley 179A

bo, TIPS AR TR e

O

= = . 3
L ‘q' 7 20 amr

A MEASURE OF
ACHIEVEMENT.

Specification . . . Versatility . . . Accuracy . .
Price. In aimost every major area the new
179A —a 4 '/ digit bench/portable DMM —
from Keithley Instruments sets some pretty
impressive standards:

@ 20 amp capability @ Full function: 27
ranges including true RMS AC Measurement
@ Year'sguarantee onspec @ 0.04% DC
accuracy @ IEEE option @ Largedisplay
and 10w V dc resolution.

For those requiring 10 times more sensitivity
and an analogue outputthere’sthe 177, a
unit with similar specification to the 1 79A.
Both models are part of a vast range of test
equipment from one of the world’s leading
manufacturers.

For more information fill in the coupon at the
bottom of the page.

&S® Alternatively, phone our instant
Information

Service on

0734864784 now.

Keithley Instruments Ltd

1 Boulton Road Reading Berkshire RG2 ONL
Telephone (0734) 861287

Telex 847047

-

I'd like to know more . .
Name :

|

|

=

Position l
[t

i

B

]

Clo‘mpany,-
Address

Telephonev

(WW/7)
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Twice again: Shure sets
the standard for the industry!

— TR
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Introducing two new microphone mixers

Ten years ago--with the introduction of the
M67 and M68—Shure set the standards of
the industry for compact, portable micro-

s ™
For Professional Broadcasting

Both TV and Radio—in the studio and for ™
remote broadcast applications

phone mixers. Shure is now introducing two
new mixers with features and improvements

M268

For Public Address and Paging
In hotels. schools, churches, community
centers, hospitals, etc.

For Professional Recording For the Serious Tape Recording

Enthusiast

As an Add-On Mixer for
Expanding Current Equipment

For Professional Sound
Reinforcement
For more complex public address
systems.
With all these new features:

® | ower noise

® Dramatic reduction in distortion

e Mix bus

® Automatic muting circuit

® Simplex power
...and alfl of the famous M68 original features.

With aill these new teatures:
e Switchable. fast-attack limiter
e LD peak indicator
® Allinputs switchable for miic or line
& Simplex power
e Greater headphone power
@ Built-in battery supply
e Lower noise
® Reduced distertion

..and all of the famous M67 original features.

Both new models include the same ruggedness
and reliability that have made the M67 and M68
the top-selling mixers in the industry.

For complete information on the M267 and M268 send in for a detailed product brochure (ask for AL669).

l ht‘ Snun(l of the Professionals ®

. SHURE

\

E

For full details write to:.
Shure Electronics Lid, Eccleston Road, Maidstone ME15 6AU or telephone: 0622 59881,

WW - 064 FOR FURTHER DETAILS

that will make them the new industry standards.
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A job to be
done

At a press conference on mobile radio held
by the UK’s Electronic Engineering -
Association earlier this year there was
much discussion on the small amount of -
frequency. spectrum allocated to private
mobile radio (p.m.r.) relative to that given

‘to broadcastmg, military communications

and other services. At least, the EEA
officials claimed that it was too small for
the needs of the p.m.r. service and
emphasized their argument with a diagram
showing the p.m.r. bands as thin slices
sandwiched between large chunks of other
bands. One must remember, of course,
that the EEA represents the mobile radio
manufacturers, who havea vested interest
in the frequency space available to p.m.r.
But this doesn’t alter the fact that nobody
is in a position to refute the EEA’s
assertion — only to rebut it. The whole
question of what is an appropriate

allocation of spectrum for a given serviceis

entirely a matter of claim and counter
claim. And the actual decisions on

allocations are made on this same basis by * .

the activities of pressure groups in
international conferences, with the ITU -
acting as umpire and simply confirming
the results of the contests.

Of course, other methods of allécating
frequencies have been proposed. One is
that spectrum space should be sold to the

highest bidder. The thinking behind this is -

that the more you have to pay for your

- piece of territory the more economic

pressure there will be on you to use it
efficiently. Another suggestion is to allow a
free-for-all in certain bands (as in citizens’
bands at present) on the principle that
some kind of adjustment will occur d
naturally and make formal regulation °
unnecessary. Thankfully, neither of these
uncivilized methods has'been considered
too seriously. ° ,
The central problem as pomted out by
the chairman of the EEA’s mobile radio
committee, Mr J. W. Carlton, is the lack - -
of some kind of “value analysis”. In other -
words, frequency space would be allocated -
more fairly if it were done on the basis of -
relative social needs. But there is no

objective data from which these relative
needs can be calculated straightforwardly.
They can only be derived from the value
systems prevailing in a society. We -

_therefore have to analyse these values in

such a way that would allow us to attach

*. numerical indices to the various needs for

frequency space. To be accepted the -
analysis would have to be demonstrably
rational and so obviously right that no
reasonable person could disagree with it.
Who is capable of such an analysis? At
first sight the politicians and their
permanent bureaucrats seem to ha've the

_ necessary experience in attaching -
measurable quantities to social needs; but -

their decisions are too often a facile.

- response to popular opinion and swayed by

party dogmas. Perhaps the nearest type of

" analysis we have already is the

mathematical model of the economy — .
sets of equations into which changing data
are fed to obtain forecasts — because this
type of model does have to take human
behaviour into account. There are, -
however, several research organizations
with particular interests in studying the -
interaction of technology with society. In

" the UK, for example, we have the Social

Science Research Council and two new
bodies both of which already have some
experience with telecommunications and
electronics — the Technical Change
Centre in London and the New
Technology Research Group at
Southampton University. In the USA the
National Academy of Engineering has
looked at the problem and at least
recogmzed the importance of social and
economic factors in spectrum management.

It should not be beyond the abilities of -

such organizations to find a method of
analysis which, if not completely rigorous,

“would be greatly superior as a rational

basis for allocation to the empirical

- procedures using political and commercial

pressures that we rely on at present.
Fastidious people may well reject

instinctively any attempt to equate

quantities with qualities. This is

- understandable in so far as social values are

subjective and rooted in the ethical or
religious beliefs of individuals. But ethics*
are a guide to conduct: if there is no
conduct resulting from them they are
worthless. There is a good case for testing
our values in the worldly business of
sharing dut a natural resource.

"




A LIGHT PEN FOR
'MICROCOMPUTERS

Light pens provide an alternative means of interactive communication with a computer
via the visual display, and are often used with mainframe computers in graphics oriented
applications. They are less common with microcomputers, but this article describes a
simple, inexpensive light pen which can be easily adapted for use with most
microcomputers which use a memory-mapped video display.

The light pen can detect individual charac-
ters on the screen and return, via two
parallel 8-bit ports of the microcomputer,
the address of that character. Through the
use of appropriate software, individual
characters may be changed or deleted or
specific actions can be initiated when cer-
tain characters are detected. This capabil-
ity may be used in a number. of ways such
as in ‘menu’ applications, where a large
number of choices are available, in interac-
tive games, etc.

Video displays

A memory-mapped video display system is -

shown schematically in Fig. 1. Essentially
this comprises a video ram, a character
generator (usually a' mask-programmed
rom), a shift register and associated timing
circuitry. The address and data lines of the
video ram are multiplexed so that the
memory can be accessed either by the
c.p.u., to update or read data, or by the
dedicated video circuitry which produces
the display. The video ram usually occu-
pies a 1K block of memory in the memory
map of the microcomputer and stores the
m lines of n characters which make up the
display. Each position on the screen,
p(row,column), corresponds to a unique
location in the video ram. The characters
are displayed as a dot matrix pattern (Fig.
2). Unless locked out by the c.p.u., the
video divider chain continuously addresses
the video ram in a predetermined order
and, in turn, the video ram output word
addresses the character generator. In addi-
tion, the divider chain sequences the row
address lines of the character generator so
that the output word of the generator cor-
responds to a particular row i of the rele-
vant character at position p(row,column).
This word is then loaded into the shift
register from which the appropiate series
of dots and blanks are clocked out to form
part of the'video signal. The shift register
is typically clocked at around 8 MHz,
giving a time separation between adjacent
dots of, say, 125 ns. The video display of
most microcomputers in the UK uses a 50
Hz frame rate scanning 312 lines without
interlace.

Sensor

The light pen and its associated circuitry
must detect the rising edge of phosphor
emission when a dot is drawn on the screen
. and simultaneously latch the current
address on the video ram. From this

30

by M. Shepherd.

address, one can deduce the memory loca-
tion corresponding to the character con-
taining the dot and hence the actual posi-
tion of the light pen. Since we are only
concerned with locating characters, rather
than individual pixels, the particular dot
detected within the character is not impor-
tant. The optical sensor must have a fast
risetime preferably much less than the in-
terval between'adjacent dots, say, much

" less than << 100 ns. Another requirement

for a successful sensor is that it should
have a field of view which is comparable to

or preferably smaller than a single charac- .

ter when it is held on the surface of the
screen. With a 9 in monitor, a character is
likely to be of the order of 5 mm square;
the exact size depends on the format of the
character generator, the number of charac-
ters per line, etc. Both of these require-
ments can be adequately met using a

polymer-fibre light guide and an associated

planar silicon p-i-n photodiode.

. The polymer-based light guide has an
overall diameter of 2.2 mm and a core
diameter of 1 mm: it is considerably
cheaper and physically much more flexible
than equivalent glass light guides. Al-
though its attenuation is markedly greater

Address™ = T c.pu < ' Datg
3 '> ;
— —— | — Mutti-
Addrece y) Video r.a.m. < Datfa V' plexer

Videodivider chain

Vertical |Horizontal LD

(K

1

-

i i Al 1
ppiniiy

Combine sync.

Shift register < ) Character
= generator -

l—-» Video out

Fig. 1. Block diagram of memory-mapped visual display circuitry in typical microcomputer.

Character '

n e mBlIE P SRS _D

Scan line Character

5 x 7 dot matrix

Fig. 2. Dot-matrix representation of characters on screen for 5x7 matrix format,
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Fig. 3. Circuitry to detect dots and produce latch-enable pulses.
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than its glass equivalent this is not a
serious problem over the length of about
one metre required for this application.
The photodiode has a risetime of < 5 ns
and can be coupled directly onto the
polymer optic using the special termina-
tion. This does not require the use of
special tools.

The use of a light guide has the advan-
tages that (a) it has inherently a sufficiently
narrow field of view to preclude the need
for further optics and (b) it isolates the
photodiode and related circuitry from the
appreciable radiation fields found near the
surface of a display tube.

With most opto sensors the sensitivity
decreases with increasing speed of res-
ponse. However the instantaneous bright-
ness of spots on a video screen can be very
high and sufficient to give a satisfactory
signal-to-noise ratio even with this
otherwise relatively insensitive detector. It
is, however, worth noting that the maxi-
mum instantaneous brightness is a func-
tion of the phosphor ‘lifetime’ and for
these purposes screen with short-lived
phosphors are preferable. Their distinc-
tion is not visually obvious since the eye is
integrating the total light output and, at,
least to a good approximation, is oblivious
of instantaneous brightness levels.

Circuitry '
Figure 3 shows the circuitry which detects
the phosphor emission, as the electron
beam draws a dot, and produces the t.t.1.
pulse which latches the video ram address.
An increase in incident light intensity on
the diode produces an increased base cur-
rent for Tr;. Tr; acts as an emitter fol-
lower, with Rz providing some d.c. stabili-
zation for the base of Try. Negative-going
pulses at the inverting input of the 710 are
compared with the preset negative thres-
hold voltage on the non-inverting input.
The potentiometer Ry; acts as a sensitivity
control for the light pen and typically the
negative threshold is set at about -50mV.
The first half of the 74123 retriggerable
monostable responds to a positive going
‘spot detected’ pulse from the comparator
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Fig. 4. Latching of video ram address lines.

by ignoring any further pulses for about:
18ms, i.e. effectively until the next frame.
This prevents multiple triggering of the
74123 by different dots within the same
character. For example, two vertically
coincident dots would produce pulses
separated by 64 microseconds. To ensure
that a spot is never detected while the

‘c.p.u. is addressing the video ram, the

write enable, WE, of the video ram is
shown connected to pins 3 and 11 of the
74123; if this is not required, these pins
should be tied high. The Q output of the
74123(a) is used via a transistor switch to
light a led, which indicates that a spot has
been detected during the current frame.
The Q output is used by software and is
discussed below. The second half of the
74123 produces a nominal 100 ns pulse
used to latch the video ram address.

This section of the light pen can be
checked using the led and without any
connexion to the microcomputer. With
the screen brilliance set to a normal
working level the sensitivity should be set
using Ry; so that the led emits when the
probe is placed on a character on the

'screen. It will be found that some charac-

ters are more easily detected than others,
notably those with several contiguous hori-

‘zontal dots such as E, F or T. Increasing

the sensitivity too far will allow the com-
parator to trigger continuously on noise

.and a compromise setting may be neces-

sary. Further adjustments can then be
made using the brightness control of the
video display.

The circuitry to latch the video ram
address is shown schematically in Fig. 4, It
is assumed, for simplicity, that a 1K video
ram is used and therefore that ten address
lines A0 — A9 must be latched. De-
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Fig. 5. Prototype light pen.

pending on the actual microcomputer, the
video ram will probably consist of one
4118 or two 2114 or seven or eight 2112
memory i.cs. In each case the ten address
lines are available at the i.c. socket(s) and
these must be accessed; They will not nor-
mally be taken to an external connector.
Two 74373 octal latches were used in the
prototype (leaving 6 unused latches) but
other latches such as the 7575 could
equally well be used. The ten latch outputs
corresponding to A0 -A9 are fed into two
8-bit parallel ports of the computer.

The actual memory address of a charac-
ter on the screen is 16 bits long. The most
significant six bits indicate the location of
the video ram in the memory map for
example, if the video ram occupies 0800 —
OBFFF, then bits A16-A11 are 00010. The
relevant port B inputs could be hardwired
in this way to provide the full address. One
problem remains in that the input to the
parallel ports will now always be a video
ram address but not necessarily a valid
address. To ensure that the address is
valid, the Q output of 74123(a) can be
input to the m.s.b. of port B. The software
can then decide whether an address is valid
by checking the state of this bit; if it is zero
then a spot has been detected during the
current or the previous frame. In some
applications, one may only wish to accept
an address as valid if a button is also
pressed in addition to the condition noted
above; this can be done by by allowing the
button to ground, for example, bit 6 of
port B. The state of this bit can then also
be checked by software.

Construction

The entire light pen circuitry and photo-
diode can be built into a small diecast box
(Fig. 5). In the prototype, the video
address lines and the power supplies were
accessed on the main c.p.u. and video
board and taken via ribbon cable to d.i.l.
sockets in the box. The sixteen lines from
the box taking the video address to the
ports also used a ribbon cable. The layout
was not found to be particularly critical,
but some care should be taken with the

front end to avoid spurious responses. The’

casing of the photodiode was grounded
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through the box. Two leds were used, one
to indicate power on and the other to indi-
cate when a valid address was being re-
ceived. The polymer optic fibre had termi-
nations fitted to both ends. One end was
fitted into a ballpoint pen case to make it
easier to handle; the other end, as shown in
Fig 5, screws onto the photodiode through
the standard connexion.

Software
The essential part of t.he software which

recovers valid video-addresses is shown as
a flowchart in Fig. 6. This flowchart does
not check bit 6 of port B as suggested
above for applications where a button is
required. The actual programming may be
done in the machine language of the
c.p.u., in Basic, or in any other available
language which allows the ports to be read.
Since a valid character can only, at most,
be detected every frame i.e. every 20 ms,
there is not likely to be any problems in
processing speed. At this stage it will be
found that the recovered video address is
not the real address of the character under
the light pen. The recovered address is
probably that of the second or third char-
acter (depending on the video circuitry)
following the character under the light
pen. This is a consequence of the delays
between a particular video ram location

{ Start )

Y

Read Port A
Read Port B

Yes

Address = 256* B +A
-z

End

| z = appropriate offset — see text)
Fig. 6. Flowchart for recovery of valid video
ram address,

.being addressed and the relevant dots and
‘blanks appearing in the video signal. The
number of characters difference can be
found empirically and the necessary
subtraction made by software. Since some
alphanumeric characters are more easily
detected than others it is obviously pru-
dent to use such characters, ot appropriate
graphics characters if available, wherever
possible.

Some illustrative basic programiming is
shown below. This program reads the two
parallel ports A and B and determines
whether the light pen has recently detected
a character on the screen, i.e. whether bit 7
of port B is zero. If so, the video ram
address is calculated; if not the ports are

reread. If the ports are memory, rather

than i/o mapped, then line 20 should con-
tain PEEKs rather than INPs. The re-
quired offset, Z, must be determined by
trial and error; appropriate values of A and
B must also be inserted in line 10.
10 A= :B=:Z=
20 X=INP(A):Y=INP(B)
30 IF Y>127 THEN GOTO 20
40 VA=Z+X+Y*256
That particular character can now be
‘deleted’ by writing an ASCII space (deci-
mal 32) to its video ram address, VA.
50 POKE VA,32
60 END
Alternatively, by using
50 IF VA= POSITION THEN GO-
SUB 100
60 GOTO 20
the program will jump to a glven subrou-

tine only when the light pen is held on the

character with video ram address, POSI-
TION.

These simple examples illustrate the
types of programming techniques which

can be used with the light pen.

Components

Capacitors

1,3,4 10n

2 100n

S 470n polyester

6 10p silvered mica

Resistors

1 100p

2P R 100k

4 330

5,6 81 All 0.25W, £5%

7 10k

8 120k

9 4.7k

10 270

11 500 multiturn trimmer

Semiconductors 4

D 1 Silicon
p-i-n photodiode.

Dz led

IC, ‘ 710

IC, 74123

Ttz Any general-purpose Si
n-p-n with f,>100MHz
should be suitable, e.g.
BC182L

Trs General-purpose Si n-
p-n.

Polymer optic cable (367-791)

Photodiode (309-307)

Terminations (456-396)

All from RS Components. o
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LEAKY FEEDER
CONMMUNICATION IN

TUNNELS

For short ranges, a simple installation using the techniques outlined in the first part of this
article is effective. Outside the limits of the basic system, more elaborate equ:pment is
' needed, the remainder of the discussion being centred on this.

It was shown in Part 1 that the reliable
radiocommunication range obtainable in a
tunnel or mine can usually be dramatically
improved by running a ‘leaky feeder’
through the tunnel or region where com-
munication is required, and connecting
one end to a conventional v.h.f. base sta-
tion. Communication is then through the
leakage fields of the feeder, and the total
system loss — which in conjunction with
the transmitter power and receiver sensi-
tivity will determine the actual range avail-
able — is made up of the ‘coupling loss’,
between a mobile set and the feeder, and
the feeder loss between that region and the

base station.

A typical reliable range from such a
simple system, using conventional mobile
radio equipment and a practical type of
leaky feeder, would be 2 km — equal
perhaps to ten times the unassisted or
‘natural’ range obtainable in the tunnel
without a feeder. If such a range is ade-
quate for the purpose, then little more in
the way of systems engineering is required.
The major factors to be determined will be
the type of leaky cable to use and the
nature of its mounting or suspension in the
tunnel. These decisions will be based
largely on the considerations detailed in
Part 1, together with a discerning study of
cable manufacturers’ data, experience
gained in similar situations, specialist ad-
vice or even a pilot experiment in the tun-
nel concerned.

From the standpoint of systems per-
formance it is not even necessary to termi-
nate the free end of the feeder in its charac-
teristic impedance; the short-standing-
wave effect caused by a mistermination
will normally be masked by the general
multipath effects in the tunnel, and it can
be argued that residual energy is more
usefully reflected back down the feeder
than dissipated in a termination. However,
if the feeder is not carrying additionally
any d.c. or a.f, signals, a resistive termina-
tion can be of value in facilitating d.c.
continuity and short-circuit checks in case
of trouble.

The range of the simple system may be
effectively doubled by connecting the base
station at the middle of the total span
rather than at one end; the few decibels
lost from each limb in such a two-way split
represents only about 5% of the range.
However, this option may not always be
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convenient, involving perhaps the exten-
sion of control lines and the provision of a
power supply in an awkward place. The
same splitting principle, it may be noted,
can be used at any point in the line to serve
a branch tunnel; again, strict impedance
matching at such junctions is unimportant.

A few other expedients may be available
if the predicted range falls slightly short of
requirements. Use of a lower frequency
band — say v.h.f. low band instead of
v.h.f. high band — will often give a
worthwhile advantage (radio regulatory
considerations are not normally a restric-
tion if the system is wholly underground);
or the expensive decision could be taken to
specify a heavier grade of leaky cable and

so reduce line loss. It is also possible to

‘grade’ the feeder, by using a more leaky
type towards the extremities of the system
in an attempt to preserve the diminishing
field. But generally in such circumstances
one is better looking towards the active
techniques to be described.

On the other hand, if the absolute maxi-
mum range is being sought for the very
minimum of active equipment then the
INIEX systems should be considered, es-
pecially if a rather lower frequency — say,
in the h.f. range, can be used.

Muitiple base stations

When the economic limit of range from a
single base station has been reached, one
obvious course left is to borrow a tech-
nique from land-mobile and aeronautical
schemes and deploy further base stations
as necessary to achieve the desired cover.

This was the solution adopted in the early .

railway systems such as that for the New
York Subway. It was also used in the first
coalmine system, commissioned at Long-
annet, Scotland, in 1970.

The leaky coaxial cable serving the 9 km
tunnel there is divided into three sections,
with a base station serving each near its
centre, as shown in Fig. 4. The base sta-
tions are operated under a common control
from the surface over telephone lines.
Operating frequencies are in the v.h.f. low
band (70-90 MHz) as with all subsequent
National Coal Board systems, and. the
cable is a braided coaxial type with a rather

lower leakage than is usual nowadays.

Such systems suffer the familiar land-
mobile problem of ‘overlap’ interference in
the regions receiving signals from two base
transmitters, resulting from lack of synch-
ronization. At Longannet, the line was
simply gapped for a- metre or so midway
between base stations; by the use of fre-
quency modulation (25 kHz channelling),
and relying on tunnel attenuation (about
0.5 dB/m) and capture effect, the extent of
confused signals was restricted to a few
metres. Nowadays, the land-mobile tech-
nique of quasi-synchronous operation
would probably be used in a multi-base
system; but it would also be quite feasible
to use the leaky feeder itself as a synchroni-
zation link, passing a ready-modulated
pilot signal to outlying transmitters at a
frequency of one or two megahertz, where
line losses are low.

Line repeaters

Since leaky-feeder communication is basi-
cally a hybrid technology, borrowing from
both radio and line transmission, it is logi-
cal to look also to the latter field for pos-

Line-powered repeater in a coal mine. This
example has a consumption of 2.5 mA at
12V, and is installed at 500 m intervals.
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C-Surface control station
ZB-Zener barrier {for intrinsic safety)
B-Underground base station
, M-Mobile or personal set
LF-Leaky feeder
CL-Controt lines in telephone cable

CL

& ;

| 1380m

Longannet drift

1420m l 1450m I 14L0m ' 1350m

1850m l

Solsgirth drift

Fig. 4. Multiple-base-station system operating at Longannet Mine, Scotland, since 1970. The
9-km tunnel rises to the surface at each end, at Longannet and Solsgirth. The leaky feeder is
divided into three roughly-equal sections, each served by a base station near its centre.

sible means of extending the range of a
single base station. The obvious technique
which line technology offers is the use of
in-line repeaters or ‘signal boosters’ to am-
plify signals and so compensate for line
losses periodically.

An immediate attraction of the idea is
that a repeater can easily be made to
handle a band of frequencies and so allow
multichannel operation for little additional
complexity. But the overwhelming advan-
tage is that by spacing the repeaters com-
paratively closely, with correspondingly
lower gain and line loss between repeaters,
one can provide a consistency and reliabil-
ity of signal level undreamed-of in conven-
tional radio systems. In the same process
the output power requirement of each re-
peater is dramatically reduced, typically to
a few milliwatts compared with a base sta-
tion of several watts. It then becomes pos-
sible and logical to power all such repeaters
by d.c. over the leaky feeder itself, giving a
remarkable saving in cost of a system over
one using multiple base stations.

All this assumes that the repeater design
itself can be made cheap and simple. But
in fact there is a complication in the
apparent need for such a device to amplify
in both directions. If simplex operation is
adequate, then it is not too difficult to
arrange that the repeater reverses its direc-
tion of operation in sympathy with the
base-station switching, perhaps through
the polarity of the line-fed supply. But if
there is a system requirement for talk-
through operation, where the base station
simultaneously retransmits everything it
receives, then a two-way repeater would
need to amplify in both directions simul-
taneously. The design thereupon becomes
complex, with the involvement of elabo-
rate filters and perhaps hybrids to ensure
stability. This prospect discouraged the
development of repeatered leaky-feeder
systems for several years.

Daisy-chain systems

The innovation that opened the way for
the development of practical repeatered
systems was the ‘daisy chain’ principle!’.
In the basic form of this arrangement,
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shown in Fig. 5, the base station is split
into its constituent transmitter and re-
ceiver, which are then sited at the opposite
extremities of the system. All signals,
whether from base to mobile or from mo-
bile to base, now travel in the same direc-
tion in the feeder and so simple one-way
wide-band repeaters serve to amplify them
all, simultaneously if necessary, to provide
duplex or talk-through operation. A disad-
vantage shared with the multiple-base-sta-
tion system is the need for a parallel audio-
frequency link, though for a single channel
the leaky feeder can be made to double for
that purpose. Excessive branching of the
system can also be uneconomic, since
every extremity has to be terminated in
either a transmitter or a receiver (again
with its attendant a.f. link), but the system
adapts admirably to twin-tunnel situations
where the daisy ¢hain can loop back down
the second tunnel and allow the transmit-
ter and receiver to be co-sited.

Following its successful introduction at

" Cadley Hill colliery in 1973, the daisy-

chain system rapidly became the standard
leaky-feeder arrangement for British coal
mines. A typical repeater now in wide-
spread use has a gain of about 16 dB over
the range 70 to 90 MHz. Drawing only 2.5
mA from the line-fed 12 V supply, it de-
livers a power of 12.5 mW for the base-
transmit signal. With the cable normally
used, such repeaters are installed at 500 m

intervals. A simple calculation based on.

these figures shows the minimum perform-
ance to be equal to that of a 20 W base

In the more recent coal-mine installa-
tions the improved arrangements shown in

Figs. 6 and 7 are used. Both replace the
telephone line by a medium-frequency link-

over the feeder itself, the signals passing

‘through the repeaters in the ‘wrong’ direc-

tion without being affected. In the ‘i.f.
return’ version, shown in Fig. 6, it will be

‘seen that the frequency-changer portion

only of the base receiver is located at the

tail end, and all signals originating at a
‘mobile transmitter are returned to the

main base station in intermediate-fre-
quency form, conveniently at 455 kHz. In-
line amplification at this frequency is un-
necessary, and the v.h.f. repeaters used
will pass the i.f. signals in the reverse
direction with negligible attenuation.

As indicated in the diagram, the ar-
rangement also adapts easily to the provi-
sion of spurs, since the frequency changers
can be line-powered and are inexpensive
enough to be used at every extremity with-
out significantly increasing the total
system costs. The line filters shown serve
to prevent signals from a mobile reaching
more than one frequency changer and so
giving rise to heterodyne interference re-
sulting from lack of synchronism between

. the frequency changers, and also eliminate

undesirable recombination effects (and
perhaps phase cancellation) of any base-
station signals having taken more than one
path through the system. Any residual in-
terference effects are confined to the im-
mediate vicinity of the filters. .

The i.f.-return system lends itself neatly
to multichannel operation. If the carrier
frequencies used are reasonably closely
spaced — say, grouped within a 500 kHz
range — the frequency changers can be
common to all channels; a corresponding
group of i.fs is produced having the same
spacing and lying, for example, in the
range 1.5 to 2.0 MHz. It may then be
convenient to introduce a further common
frequency-changer at the base-station end
of the feeder, to restore all the i.fs to their
original carrier frequencies for processing
by convexniionai v.h.f. receivers.

Figure 7 illustrates the converse ar-
rangement, known as ‘forward drive’.
Here, the repeaters are polarized in the
reverse direction and the frequency
conversion is now applied in the base-
transmit path. The output from a normal
frequency-modulated transmitter is
divided in frequency, using digital tech-
niques, by a factor of (say) 48 or 64. The
resulting signal in the region of 1-2 MHz is
passed along the line and through the re-

station feeding 1500 m of feeder. peaters the ‘wrong’ way, again with low
c Control point
Linking telephone line
T N e N  Rx
L~ L e |
Leaky feeder with one-way repeaters
Base transmitter Mobile | set Base receiver

Fig. 5.Simple 'daisy-chain’ system, using a split base station and simple one-way repeater-
amplifiers to allow two-way communication (including duplex or talk-through operation)

over long ranges.
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loss, to each extremity, where they are
multiplied back to the original frequency
for transmission through the system the
‘right’ way and out to the mobiles. Again,
a moderate degree of filtering is included
at each junction to prevent, in this case,
the possibility of phase cancellation be-
tween signals from two or more remote
converters.

The forward-drive technique is best
suited to single-channel systems. It has
proved particularly successful in coalmin-
ing applications for ranges up to about
4km; beyond that distance it becomes
necessary to introduce some intermediate
amplification of the forward-drive signal.
The i.f.-return system using a single 455

kHz i.f. is generally-capable of a greater
range — say, up to 10 km — without
intermediate amplification.

Repeaters, frequency converters and
filters are available commercially for both
these ‘medium-frequency link’ systems.

Other configurations
The main alternative to these daisy-chain
configurations is the ‘conventional’ ap-
proach using some form of two-way re-
peater. In the v.h.f. low and middle bands
in particular, the standard transmit-receive
frequency spacing is sufficient to allow a
practical two-way device to be engineered,
though at the cost of some complexity.
Generally, such a solution is unattractive
except for short systems where only one or
two repeaters would be required, or
perhaps to accommodate short repeatered
spurs in an otherwise daisy-chain system.
A consideration which becomes impor-
tant in large repeatered systems is the cu-
mulative noise introduced into the base-
receive path by the repeaters. If the repeat-
ers themselves were noiseless, and there
were no external interference to the
system, then the power of a mobile
transmitter need only match that of a
single repeater for equal performance to
that of the base-transmit direction —
perhaps only a few milliwatts. But in
practice the signal in the base-receive path
is inevitably degraded by repeater noise. If
the noise introduced by one repeater is
equal to that of the final receiver itself — a
realistic assumption — then the mobile
power needs to be greater than the repeater

‘power by a factor equal to the number of

repeaters in the system (strictly, plus one).
This does not threaten to be an embarrass-
ment except in the very largest of systems,
and even there it will still leave 4 substan-
tial advantage over the corresponding
multiple-base-station solution. It does be-
come important, however, in coalmining
applications, where the need for intrinsic
safety* and the absolute minimum of bat-

tery weight can restrict practical powers to

about SO0 mW.

In this connexion, the two-way repeater.

is at a disadvantage, since the inevitable

*Intrinsic safety is a concept applied to appara-
tus used in potentially explosive atmospheres,
and demands that the apparatus is not capable
of causing an incendive spark in either normal
or faulty operation. Its practical effect is a severe
limitation on power levels, though circuit tech-
niques can mitigate this disadvantage to some
extent.
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Tx | 85MHz

Rx | 455kHz é

Mobite set
Rx 85MHz
Tx 72MHz

| FC | 72MHz/455kHz

| FC

FC Filters
—&— Pass 85MHz &455kHz
—Q—Pass 72 MHz

Fig. 6.Daisy-chain system using 'IF return’ principle, allowing the base transmitter and main
receiver to be re-united and avoiding the need for a parallel telephone line. Every remote
extremity is terminated in a small line-powered frequency changer which returns any
_received mobile signals to the main receiver at (typically) 455 kHz.

losses introduced by hybrids and filtering
increase the noise figure, typically by
about 5 dB in practice. This is reflected
directly as a required increase of mobile
transmitter power for a given perform-
ance.

On the other hand, the i.f.-return
system of Fig. 6 lends itself to a method of
substantially reducing the overall noise
figure of a daisy-chain system. For by suit-
able design the terminal frequency
converters can be made ‘squelching’, so
that only the particular converter receiving
a signal passes on any noise. The system
effectively becomes sectionalized for noise,
and if necessary even an unbranched
system may be treated in this way by intro-
ducing intermediate converters and filters.

Despite the consequent increase in total
repeater noise, increasing the number of
repeaters in a system by reducing their
space will normally improve the overall
signal/noise ratio in the base-receive path
because of the overriding improvement to
the minimum signal level from the reduc-
tion in span loss. The break-even point —
unlikely to be reached in practice — comes
when the span loss (or repeater gain) is
only 3dB; beyond that point, the signal/
noise ratio, would suffer with further re-
duction in spacing. The base-transmit path
also benefits, of course, from any reduc-
tion in repeater spacing, and in this case
there is no offsetting noise factor.

In large systems particularly it is impor-
tant to maintain a good overall balance
between line loss and repeater gain; the
effect of any substantial discrepancy shows

up as a variability in signal/noise ratio of

the received signal through the system,
over and above that normally expected

over the extent of a single span. It may be.

advisable to design the system for excess
gain and then pad with additional attenua-
tion as shown necessary during commis-
sioning tests using an injected pilot signal.
Techniques exist for adjusting repeater
gain to line conditions, including control
through the line-fed supply. Daisy chain
repeaters may also be designed so that the
small-signal (base-receive) gain follows
that for the high-level base transmission,
itself largely self-compensating by virtue of
a non-linear static characteristic of the re-
peater. This assumes that the base carrier
is permanently present; it may be neces-
sary to shift it off-channel when not in use
to avoid keeping the mobile receiver mutes
open and possibly wasting battery energy,

or else to use tone squelch.

For a multichannel system, any choice
or design of repeater may need to take into
account intermodulation performance,
which is governed by the linearity of the
dynamic characteristic. Repeater linearity
is also important in single-channel systems
using any form of amplitude modulation.
Multichannel a.m. systems suffer the addi-
tional risk of cross-modulation, and here
the highest linearity is essential.

To some extent, it may be possible to
avoid the effects of intermodulation by
careful choice of carrier frequencies, allow-
ing the repeaters to be designed for high
efficiency rather than linearity. This can
be especially important in coalmining ap-
plications, where d.c. power is limited by
intrinsic-safety considerations.

The most difficult effects to counter are
often the high-order products of two or
more base transmissions falling within the
base-receive band. The safest course then
is to separate the base-transmit carriers as
widely as possible — perhaps by several
megahertz — to guard against the multipli-

«cative effect on any frequency drift. Pre-

ferably, the use of discrete base-station
carriers should be minimized by recourse
to multplexing (even though this will
not be possible in the return direction).
Where power supply permits, the use of
linear repeaters is recommended, but such
devices are complicated by the need for
some form of automatic level control to
prevent overload (non-linear repeaters are
to some extent self-compensating for varia-
tions in line loss).

At first sight, a two-way repeater using
separate amplifiers for the send and receive
paths should be capable of a better ‘cross

- function’ intermodulation performance,

but in practice the ‘retro-gain’ of the re-
ceive amplifier destroys or even reverses
any such advantage unless very good filter-
ing is incorporated. A better solution is to
use wide-band daisy-chain repeaters and
group the channel frequencies over a broad

spectrum.

A radically different method of avoiding
cross-function intermodulation is by using
a double-daisy-chain configuration, shown
in Fig. 8. In a multichannel system, such
use of a double feeder can sometimes be
justified by the simplicity it retains in the
repeaters. The separate transmit and re-
ceive feeders can be combined in a single

~ cable without cross-talk becoming a prob-

lem.
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The addition of yet a third feeder may
then be worthwhile. As shown in Fig. 9,
this is sectionalized and serves the two
directions alternately. The additional
lengths are connected as ‘tailbacks’ to the
repeaters, in parallel with the main feeder
and extending back as far as midspan in
each case. The effect of a tailback is to
halve the span variation of signal; this
allows the number of repeaters to be
halved for the same performance, and ad-
vantage felt primarily in increased range
from a single power-feed point.

The tailback principle may also be ap-
plied to single-daisy-chain systems, in
which case each repeater has two tailbacks,
one from each side, and the total require-
ment is for a double feeder. The further
addition of filters linking the juxtaposed
free tailback ends and in the main feeder
gives the ‘bi-directional routing’ (BDR)
system, which allows the base transmitter
and receiver to be sited at the same end of
the system 8,

Operational systems

The world’s largest user of leaky-feeder
systems is probably still the UK National
Coal Board, with over 100 mines at least
partially equipped. Most of these employ
one or other of the daisy-chain variants,
the forward-drive arrangement having
proved particularly convenient and econo-
mic for single-channel applications. A
BDR system has been in very satisfactory
service at Maltby colliery for several years,
and a practical design of two-way repeater
is also being evaluated for systems of mod-
est extent. : -

All such techniques, including i.f. re-
turn for multichannel use, are brought
together in a very flexible new system for
coal mines known as Ariadne’®. This is
intended to cover a network of mine tun-
nels up to 100 km in total extent, with the
total power requirement kept within in-
trinsic-safety limits. A key feature of the
Ariadne concept is the division of the base-
station carriers into two groups, according
to function, spaced 6 MHz apart to ease
intermodulation problems and allow
selective propagation by the insertion of
. bandpass filters into the feeder runs. The
corresponding base-receive signals are
segregated where necessary at intermediate
frequency after conversion by the line-
powered frequency changers.

Principal among other UK users, Lon-

don Transport have adopted the simple‘

daisy-chain configuration, with linking

87.875MHz 48
i -1
Tx FC J
11789 MHz —=
85875 MHz ——
72:375 MHz ~—
Rx
72375 MHz

telephone line, for the tunnel sections of
the London Underground?®; this follows
the abandonment of an earlier pilot scheme
employing multiple 25 W base stations and
a bifilar feeder. The new arrangement is
probably unique in that the repeaters are
powered through d.c.-d.c. converters from
the 110 V signalling supply. Initially,
single-channel operation (in the v.h.f. high

-band) is allowing the use of simple non-

linear repeaters, but the future addition of
two further channels (unhappily, at equal
spacing) will require a change to a linear

type.

British Rail, while relying primarily on
natural propagation in the u.h.f. band for
train communication, has engineered a
daisy-chain system for a tunnel section of

 the Great Northern line, recently taken

over from London Transport?!,

Isberg?®?® has made a particular study
of such European leaky-feeder practice,
and has himself led the recent trend to-
wards repeater techniques in the USA

(where repeaters, to avoid confusion in.

terminology, are often referred to as ‘signal
boosters’). His papers collect together use-
ful technical information, some of it not
published elsewhere.

In Vienna??, the single-channel high-
band v.h.f. system in the new U-Bahn
(subway) uses a simple daisy-chain config-
uration with a linking telephone line; 19
repeaters serve a total tunnel length of 9
km. The leaky feeder in this case is of the
type having small holes or slots in a solid
outer conductor.

Delogne?>?* has engineered a particu-
larly ambitious scheme for extending
broadcast and selected two-way radio
channels into road tunnels in Brussels,
using off-air relaying techniques. The
INIEX-Delogne system serves a.m. (150
kHz-1.5 MHz) and f.m. (88-108 MHz)
broadcasting and the v.h.f. low (c.70
MHz) and high (c.170 MHz) mobile radio
bands. The tunnels are relatively short
.(maximum length 395 m) and so the only
repeaters required are in the elaborate in-
terfacing arrangements between the tunnel
cable and the special wide-band aerial

.system. Unique problems of system stabi-

lity had to be solved in this pioneering
project.
For the far longer road tunnels in Swit-

‘zerland, the PTT authority there has de-

veloped a system having a broadly similar
function but using land-line links to re-

‘mote control centres and other outside

sources rather than off-air feeds?>. In a

| Rx 85875MHz
Tx 72:375 MHz
sl

FC

x 48

(,4 FC

Fig. 7. Daisy-chain system using ‘forward drive’, achieving the same advantages as IF return
but using frequency-conversion in the base-transmit path. g
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Fig. 8. Double daisy chain, in which signals
in the two directions of communication are
kept separate to minimize intermodulation
effects. .

typical installation?® two separate daisy
chains are used: one serves the police,
highway maintenance and driver-informa-
tion (f.m. broadcast) channels, while the
other carries the public radiotelephone ser-
vice. In the event of failure in the first
system, the public radiotelephone service
gives up its chain to the essential channels.
Furthermore, the chains are oppositely po-
larized, so can operate together as a
double-daisy-chain system if necessary.to
cope with a variety of fault conditions.

All services are contained within the
repeater range of 63.5-180 MHz. The Got-
thard tunnel, in particular, is about 16 km
long and employs 24 repeaters in each
chain. Over such a distance, careful atten-
tion has to be paid to gain balance through
the system. The repeaters, in fact, are
rather complicated assemblies. Every third
one incorporates automatic gain-adjust-
ment and equalization circuits responding
to two pilot carriers permanently
transmitted, one at each end of the fre-
quency range.

On the continent of America, as in re-
maining parts of the world, most opera-
tional systems still apply the original
multiple-base-station concept. Some re-
cent installations (such as at Sesser Mine,
Illinois, and Black River Mine, Kentucky)
employ a successful but somewhat elabo-
rate and expensive form of two-way re-
peater; while in Washington, DC, a parti-
cularly awkward requirement in the
under-river section of the Metro system is
‘being met by installing a daisy-chain ar-
rangement using i.f. return, probably the
first embodiment of such principles in that
continent. A similar trend is evident in
new systems being engineered for
‘Canadian mines.

The principle and techniques that have
been described in the two parts of this
article represent established theory and
practice in leaky-feeder communication.
But the subject also gives particular scope
for ‘armchair innovation’, with frus-
tratingly too few opportunities or facilities
for demonstrating such ideas in practical
'systems.

For example, leaky-feeder systems gen-
erally would stand to benefit from the ap-
plication of diversity to overcome or miti-
gate the local variations in signal strength
which are so characteristic of all v.h.f.
communication in enclosed or urban envi-
ronments. Most of the standard techniques
used or proposed for conventional mobile
radio could be applied with advantage, but
leaky-feeder systems that include tailbacks
‘lend themselves peculiarly to a principle
known as ‘direction diversity’'#%7, Treen?®
has described an ingenious combination of
space and frequency diversity particularly
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Fig. 9. Double daisy chain to which
‘tailback’ feeders have been added to halve
the variation in signal level between
repeaters. ’

well suited to leaky-feeder operation. The
increased demands on bandwith or spec-
trum made by all these proposals would
not be serious in enclosed environments.

It could similarly be speculated that a
development of line-powered ‘mini-base-
stations’ of extremely low power might
challenge the now-established repeater
technology, exploiting the frequency-
conversion devices developed for the i.f.-
return and forward-drive systems. A strik-
ing property of such systems would be
their ability to operate over wide ranges
with ‘flea powered’ mobiles of a milliwatt
or so, perhaps in conjunction with a
revived form of superregenerative re-
ceiver.

For the present, however, there is a
wealth of proved and established tech-
nology in repeatered leaky-feeder systems,

capable of meeting the most demanding
requirements for radio communication in
mines, tunnels and other enclosed environ-
ments. y

The author is grateful to the National
Coal Board for permission to reproduce
the photographs accompanying’ this arti-
cle. It is stressed that the author alone is
responsible for any statements or opinions
expressed about equipment or systems de-
picted.
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Power Transistor Selection Guide from Mar-
coni Electronic Devices Ltd has three pages of
data and a selection table for their Powerline
range, which are intended for high power
switching circuits, choppers, inverters, motor-
drive circuits and l.f. transmitters. MEDL,
Doddington Road, Lincoln LN6 OLF. WW400

Thick-film microcircuits are the subject of a
brochure from Newmarket Microsystems Ltd,
Exning Road, Newmarket, Suffolk CB8 0AU.
They offer a custom service for hybrid microcir-
cuits and the brochure details their standards
and facilities. WwW401

Technical handbooks and manuals, along with
data sheets for Advance, Alpha, Intersil,
Motorola and Texas instruments’ products are
available from Hawke Electronics, 45 Hanworth

Road, Sunbury-on-Thames, Middlesex. They

are listed in a Data Library Services brochure.
WwW402

Spectrol Reliance are manufacturers of preci-
sion trimmer potentiometers, subminiature
switches and multidials. They have detailed
their products in a shortform catalogue which
also includes technical data and information on
their facilities for manufacturing special poten-
tiometers. Copies are available from Spectrol
Reliance Ltd, Drakes Way, Swindon, Wilts
SN3 3HY. WW403

Thousands of gears, pulleys and drive coupl-
ings, especially all those hard-to-find mechani-
cal bits are listed in a American publication.
The Handbook of Small Standardised Compo-

nents, some 750 pages long, is published by

Stock Drive Produces, 55 South Denton Ave-
nue, New Hyde Park, New York 11040.
WW404:

WIRELESS WORLD JULY 1982

www americanr®diohicstorvy com

Inductive Transducers is the self-explanatory
title of a catalogue from R.D.P. Electronics
Ltd, Grove Sureet, Heath Town, Wolverhamp-
ton. Specification details are given for the range
of precision gauging, waterproof, long stroke
and miniature displacement transducers and de-
vices for measuring pressure, velocity and angu-
lar tilt using inductive and 1.v.d.t. sensors.

p WwW405 -

Portastudio is the brandname for a Tascam 244
portable recording and mixing system which
can record four tracks onto a standard microcas-
sette which is incorporated into it. It includes
dbx noise reduction and is described in a bro-
chure, copies of which are available from Har-
man U.K., St Johns Road, Tylers Green, High
‘Wycombe, Bucks. WW406

Thomson-CSF has published a new issue of its
catalogue on active components for 0.84um
optical ‘applications. Twenty-five data sheets
devoted to l.e.d.s, p.i.n. diodes and laser diode
transmitters are included in the 108-page publi-
cation. Thomson-CSF, 101 Boulevard Murat,
75781 Paris Cedex 16, France. WW407

Burndy Ltd are a new company producing
connectors for shielded or coaxial cables.
Their catalogue shows the full range, most of
which is available from stock. Burndy Ltd, Col-
ney Street, St Albans, Herts AL2 2ED. WW408

Standards from the International Electrotech-
nical Commission seem to be published at a
phenomenal rate. A selection of those received
include Publication 679-2, Quartz crystal’
controlled oscillators; 147-ID, Essential ratings
and characteristics for semiconductor devices,
Part 1, Chapter VI, Integrated circuits; Publica-
tion 705, Measuring performance in microwave
ovens; Publication 717, Method for the determi-
nation of the space required by capacitors and
resistors with unidirectional terminations. Pub-
lication 698, Measuring methods for television
tape machines. There are a number of additions
to Publication 487, dealing with standards for

equipment in radio-relay systems; and to Publi-
cation 708, cable standard. I.LE.C. 1 Rue de
Varembé, 1211 Geneva 20 Switzerland. WW409

An application reference book has been pub-
lished by Zilog which is of use to all employers
of Zilog processors and peripherals. Chapters
are devoted to the Z8 family, Z80 and Z8000
together with their appropriate - peripheral de-
vices. Other chapters are on the Z6132 quasi-
'static r.a.m., the Z-bus and on the applications
of the devices and the Unix operating system.
Copies cost £8.50 and are available from Zilog
distributors and from Zilog (UK) Ltd, King
Street, Maidenhead, Berks SL6 1DU. WW410

Integra Microwave Catalog (1982) gives gen-
eral descriptions and specifications for
microwave test equipment operating to 40GHz.
Equipment consists of sweep generators, fre-
quency and power meters, spectrum analysers,
mixer test sets, v.C.0. test sets, sweeping voltage
and current supplies. All equipment is compati-
ble with IEEE-488. Copies may be obtained
from Farnell International Instruments Ltd,
Wetherby, W. Yorkshire LS22 4DH., WW411

A very wide range of loudspeaker kits to their
own designs are detailed in a catalogue from
Badger Sound Services Ltd, 46 Wood Street,
Lytham St Annes, Lancs FY8 1QG. In the
catalogue they point out that although loud-
speaker designs are highly sophisticated, they
are often easy to build and it is the building
which is the most expensive factor when pur-
chasing commercial speakers. By constructing
them oneself, often only requiring a screwdriver
it is possible to save greatly on the cost. WW412

Becoming Comfortable with Computer
Graphics is the title of a booklet from Hewlett
Packard. It is a useful introduction to graphics
and the methods for generating them, with
some fine colour illustrations. Hewlett-Packard
Lid, Winnersh, Wokingham, Berks RGI1I
SAR. Ww413
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WIDE-RANGE NOISE
GENERATOR

Although intended to form part of an electronic organ, in which the noise simulated the
sound of a pipe ‘chiff’, the circuit ls_use_ful in synthesizer systems. The circuit was
designed some time ago and uses 74-series i.cs, but nevertheless illustrates valid techniques.

Like many others, the author has been
experimenting for years, on and off, with
tone generators and keying circuits de-
signed to simulate to a greater or lesser
degree the sound of a pipe organ. Efforts
have been centred on devising an econo-
mical system using an independent free
running oscillator for each note. Keying
circuits were also considered necessary, as
it has not proved possible to key an RC
oscillator (and LC types work out more

by lan Hickman

Aspectrum consisting of all harmonics of

(clock frequency)/(2"—1). Thus a 10-stage
register clocked at 1023 Hz would have an
output spectrum consisting of all harmon-
ics of 1023/(2°—1), i.e. of 1 Hz. These
harmonics are all of equal amplitude up to
about one sixth of the clock frequency, so

‘up to this frequency the maximal length

shift register states which does not occur is
all 1s rather than all 0s. Owing to the
internal architecture of the 7495 i.cs
(which each contain four shift-register
stages plus various control gates) on
switch-on, all outputs usually come up in
the 0 state. Thus the maximal length pat-
tern is self-starting. With seven 7495s, the
length of the pseudo-random pattern is
228_1 or 268,435,455 clock pulses. Clock
generator IC, runs at approximately 6MHz

{d)
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tempts have also been made to key noise Naturally occurring noise may or may proximately 200 kHz. The 3 dB attenua- .gaussian white noise. - ' Fig. 4. Filter, attenuator and output circuits
along with the tone, to simulate the charac- Dot be ‘white’, but it usually has a “Gaus-  tion frequency of Ry, Ce is accordingly set v

teristic “chiff” or starting transient of a  sian” or ‘normal’ amplitude distribution. 4t 100 kHz.
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type noise generator, a universal filter of In the full circuit of the pseudo-random by ‘wide-band noise level’ control Rag and I "c—‘" n5 ‘ k= 0
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from the shift register is an apparently ' z”"“f" :fuge i o J

random string of Os and 1s and the longest il o

pseudo-random pattern results if the input /l

is taken from the correct earlier stage. Un- Exclusive =t 1

der these conditions, the output pattern (a) Or gate R

will repeat after 2°—1 clock pulses. When Pseudo random 28 6000
the generator is switched on, some other bit-stream output D Wide band - 560
sequence may appear briefly, but provided P RigS10 . g2 o

. . noise

at least one of the shift register stages S6k 600 i R29 cutput
comes on with a 1 output the maximal = Qutput “MAN~O
length pattern of 2*~1 digits will establish - : > -
itself. (The all 0s condition would circulate 7}’

indefinitely also, but is of no use to us and Flat

is avoided.) During one cycle of the com- £ (high gain) ” -7
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n in a row and the longest string of 0s is Fig. 1. Block diagram of n-stage shift register (a). Length of sequence is determined by S ‘ %0 o e S0k ~10e -0dB1
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Fig.5. Typical responses obtained at various settings of filter controls

approximately white from 1 MHz down to
the cut off frequency of Cy, Rs3, i.e. ap-
prox. 1/30 Hz. ‘

The a.f. noise is band limited to 100
kHz by R;, C¢ and at the low frequency
end, to 1.6 Hz, by Cy, Ra4 and Cyp, Rs. It
can also, of course, be further limited,
high-pass, low-pass or band-pass as re-
quired by the filter section. Typical res-
ponses and the control settings producing
them are shown in Fig. 5. The a.f. noise is
available at either 600 Q or 75 () output
impedance and its level can be set in 10 dB
and 1 dB steps by S4 and Ss respectively.
An external input JK; is provided so that
the filter section can be used to shapé the
frequency response of any audio signal.
Alternatively, with “function’ switch S; at
position 2, the frequency response is flat,
but up to 40 dB of voltage gain is available.
This position may also be used to produce
high-level white noise, but the occasional
large-amplitude spikes characteristic of
white noise will be somewhat reduced due
"to slew rate limitations in ICyy,12. Ry is
provided to permit the adjustment of the
maximum noise output level to a predeter-
mined value. It may be omitted -if this
facility is not required. :

For either a high-pass or a low-pass res-
ponse with a 12 dB per octave fall beyond
the cut off frequency, S; and S3 should be

set to the same position. When using h.-p.,

increasing the Lf. cut-off frequency will
progressively remove the lew-frequency
noise components, but as these represent a
small percentage of the total a.f. band-
width, the effect of overall volume does
not appear large; except of course for the
last few positions. This is because the noise
power per unit bandwidth is constant and

40

therefore when, in the l.-p. mode, the cut-
off frequency is reduced, so is the output
amplitude.

The b.-p. response is a modification of
the 1.-p. response and is obtained by set-
ting Si to a more clockwise position than
S,. The larger the difference in settings,
the narrower is the ‘band-pass’ characteris-
tic. The frequency of the peak is equal to
the mean of the frequency settings of S;
and S; and fine adjustment to the peak
frequency, without affecting the sharpness
of the peak, can be made with R ‘fine
frequency’. i

Application

Before dealing with uses of the generator,
it is worth emphasizing again that although

‘the circuit is self-starting, there will be a
** delay after switch on before the maximal

length pseudo-random pattern establishes
itself. During this start up sequence,
which may last up to 40 seconds or more,
there will be periods of silence interspersed
with sundry whistles and hisses. So if you

switch on and apparently nothing hap-
pens, fear not! Thirty to forty seconds can
seem an awful long time!

In addition to the use for which it was
originally required, i.e. experiments in
producing a realistic electronic simulation
of the sound of a pipe organ, the com-
pleted noise generator can be used for a
wide variety of purposes. It is a very useful
adjunct to a synthesizer and can contribute
to a whole range of novel effects. For in-
stance, with ‘Function’ switch S; set to .-
p. and S;, S3 set to posotion 11 (20 to 50
kHz cut-off), the output of the noise gen-
erator passed through a synthesizer enve-
lope circuit set for rapid attack and decay
will sound like a pistol shot in the open air.
A slightly longer decay sounds like a shot

_ inside a building and repeated envelopes

like an automatic or machine gun. Even
without a synthesizer, a wide range of
effects can be demonstrated. For example,
with the output of the noise generator
feeding an amplifier and speaker, set
‘function’ switch S; to 1.-p. R34 to maxi-
mum and S, S;3 to position 5, 200-500 Hz
cut off. With the volume set rather loud,
the sound is very like that experienced in a
tube train, apart of course from the regular
noise of the wheels on the rail joints.
Slowly reducing the cut off frequency with
‘fine frequency’ control R3¢ whilst reduc-
'ing the ‘volume’ (Ray) gives the impression
of the train slowing down for a station.

Setting S;, S3 to position 7, 1-2 kHz cut
off and S; (function) to high-pass gives the
sound of waves hissing on a shingle beach.
Again, adjustment of ‘fine frequency’
control in conjunction with Ra4 can give
the deeper sound of a wave breaking, fol-
lowed by the hiss of the water receding
through the shingle.

Band-pass-filtered noise lends itself to
some dramatic effects. Thus with S; set to
200-500 and S; set to 2-5kHz, (‘function’
switch at LP/BP) the sound can be made to
sound like the sighing of the wind in a
woodland setting by manipulating Rjs. Set
S; to 100-200 and S;3 to 20-50kHz and we
have the sound of the wind screaming
round a climber belayed on an exposed
ledge. Set S; to 10-20 Hz and S; to 50-100
kHz (again tweaking Rj4) and it sounds
like the blizzard howling through the gap-
ing windows of the ruins of Dracula’s
castle! \

" The ear will recognise the centre fre-
quency of the band-pass response as a mu-
sical pitch even with a very modest amount
of peaking, e.g. Fig. 5(e) and it is quite
easy to play tunes simply by adjusting R34D

Fig. 6. Power supply
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PATENTING AN INVENTION

Protecting your invention is neither as simple nor as cheap as it is sometimes imagined,
and the protection it affords is often illusory. Barry Fox explains the pitfalls and shows the

Everyone has, at some time in their life,
had an idea which they felt was important.
“You should patent it”, says a friend,
“and earn some money from it”. If only it
were that simple!

Some good ideas aren’t patentable..

Others ideas are patentable, but not worth
patenting. And the whole business of
patenting is much more complicated and
expensive than most people realise.
Patenting an invention can sometimes
bring very considerable financial rewards,
not to mention fame. But more often,
patenting an invention brings only disap-
pointment and financial loss.

What is a patent?

Although everyone has heard of patents,
few people can even pronounce the name
correctly. It’s patent as in cat, not patent as
in latent. Even fewer people understand
what patenting is all about.

A patent is, in effect, a bargain struck
between the Government and an inventor.
The inventor discloses full details of a new
idea to the public through the government-
controlled Patent Office and in return is

. rewarded with a legal monopoly on that

idea for a limited period of time. The pub-
lic gains because the inventor’s idea is pub-
lished and adds to the sum of human
knowledge. The inventor gains because a
patent monopoly can be potentially very
valuable. For instance a patent which is
legally strong enables the inventor, or any-
one who has legitimately taken over the
patent rights, to control the manufacture,
sale and use of an invention. But patents,
unlike trademark registrations, are not
permanent. Whereas the first British
trademark, Bass for beer, is still in force
after over 100 years, patents can only last
for up to twenty years. Before a major
change in British patent law took place, in
June 1978, the life of a British patent was
sixteen years. It’s also part of the bargain
that once the patent monopoly period has
expired, the patented idea becomes public
property — or passes into the ‘‘common
domain’’.

It is expensive to obtain a patent and in
most countries of the world (including
Britain) it is also expensive to keep a patent
in force. Annual renewal fees must be
paid. There are also many pitfalls for the
unwary inventor, and the grant of a patent
is certainly no guarantee of financial
reward. There is, for instance, no point in

‘having a legally strong patent on a com-

mercially valueless idea. The whole point
of a patent is that it gives the owner a
temporary right to prevent plagiarism. If
the patented idea isn’t worth plagiarising,
there is no value in holding a patent on it.
Likewise if a patent is not legally strong,
for instance if it has been inexpertly
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way round them.

by Barry Fox

drafted or is anticipated by earlier
knowledge, it will be of no real value.

As a rule of thumb, it is usually easier to
secure a patent on a worthless idea because
the chances are that no-one has previously-
wasted time and money on patenting it. As
another rule of thumb, the more valuable
the idea protected, the stronger the patent

will have to be if it is to withstand the legal
attacks which will be brought against it by
competitors who want to use the same’
idea. Incidentally, although “idea” is a
convenient term to use in the context of
patenting, it is not strictly correct. You
can’t patent a bright idea as such, only
some way of putting it into action.

Success stories

Perhaps the most famous example of a
commercially successful patent is that
which was filed by Percy Shaw of Halifax,
shortly before World War II. Shaw’s
invention was what we now know as ‘“cat’s
eyes”. In fact the idea of marking a road
with glass reflectors wasn’t new, but the
idea had never caught on because the ref-
lectors soon became dirty. Shaw’s brain-
wave was to mount the glass eyes under
rubber lids which, in the manner of a
blink, closed and cleaned the glass every

- time a car ran over them. When war broke

out, and car headlights had to be shielded
for the black-out, Shaw’s invention came
into its own.

When Percy Shaw died, forty years and
15 million cat’s eyes later, he was still

_ paying around £37,000 a year in income

tax on the profits from his original inven-
tion. His patents had of course long since
run out. But Shaw continued to manufac-
ture cat’s eyes himself and thereby capital-
ized from a commercial monopoly long
after his legal monopoly had expired.

Of course, the fact that Shaw’s patents

1

have run out does not mean that anyone
else can re-patent the same idea. It is now
in the public domain. But there is no’
reason why a modern inventor should not
come up with a new idea relating to cat’s
eyes. Indeed I noticed recently that an
inventor is currently trying to patent a new
type of cat’s eye which is temperature sen-
sitive and so gives drivers a signal of road
conditions.

It’s important to understand that every
country has its own patent laws which
apply only to that particular country. A
British patent, for instance, cannot be used
to control the manufacture of a patented
invention abroad. But it can be used to
control the sale here of foreign-made
goods. So a British inventor can block the
import of foreign copies or ‘‘infringe-
ments” :

Consider the case of a now-famous
invention by German engineer Walter
Bruch of AEG Telefunken. This has not
only rewarded the German company but
helped shield the entire European tv in-
-dustry from cut price competition from the
Far East. In the early 60’s Bruch de-
velopéd a colour tv system which was an
improvement on the NTSC system thén
being used in the USA. The new system,
which became known as PAL, is of course
used in most European countries and thus
in most colour tv sets suitable for use in
Europe. Because the patents on PAL were
legally strong, Telefunken, (with the help
of EMI, and now Thorn-EMI, as the com-
pany’s British agent) was able to insist that
any firm making or selling PAL colour tv
sets did so under a patent licence. The
licence not only earned money for Telefun-
ken on every PAL set but also put very
strict limits on the number and type of
PAL sets imported into Europe from the
Far East.

Now the PAL patents are expiring. But
thanks to the different laws in different
countries the expiry dates are confused.
Also because new patents on PAL im-
provements have been granted over the
years to create the illusion of an ever-
lasting patent folio, electronics companies
are still unwilling to dispute the illusion in
court. The Taiwanese firm Tatung re-
cently bought the old Decca\ tv factory at
Bridgnorth to secure a PAL licence. No
licence has ever been given to a company
operating out of Taiwan or Korea, or for
that matter Portugal. This has been delibe-
rate policy on the part of Telefunken and
Thorn-EMI to protect Europe from a flood
of cheap sets made in countries where pro-
duction worker wages are still much lower
than in European factories.

Another invention in the electronic field
which has proved financially rewarding is
that made in the late 1960s by the US firm
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Sanders Associates. The company filed a
patent application for a “television gaming
and training apparatus and method”.
This, and a series of follow-up patents,
covered the broad concept of generating
blips on a tv screen and offering the viewer
the opportunity to control them. Sanders
eventually sold the patent rights to Magna-
vox, Philips US subsidiary. Virtually every
tv game sold today is now made under
licence to these patents, with a royalty paid
to Magnavox. The Sanders patents could

“well prove to be the most valuable
electronics folio of all time.

Because every country has its own
patent laws, and a patent in one country
only protects an invention in that country,
it clearly makes sense for an inventor to file
patents on a new idea in as many countries
as possible around the world. But to patent
an invention on a worldwide scale is prohi-
bitively expensive. So all the largest firms,
with the most important inventions, must
take a value judgement on which countries
warrant the cost of patent protection.
Phrases like “world patented” or “world
patent pending” are almost always bluff.

Disputes and delays

‘Bluff is an important part in patent proce-
dures. Suing on a patent in court is even
more expensive than obtaining one. Once a
patent dispute reaches court, only the la-
wyers will win. A classic example and a
warning to anyone involved in a patent
dispute, is the case between British Cela-
nese and Courtaulds in the early 30’s. For
four years the two textile companies fought
a patent dispute in court which, even then,
cost them around £100,000. Even the Cela-
nese-Courtaulds battle was short and
cheap compared to that between the Gla-
cier Metal Company of Britain and the
Cleveland Graphite Bronze Company of
the United States. In 1934 CGB was
granted a patent on the method of making
main bearings for car engines. In 1937 the
two companies started a legal battle over
the intertwined issues of whether the CGB
patent was valid and whether Glacier was
infringing it. Thanks to delays caused by
the outbreak of war, and a series of ap-
peals, it took until the early 1950’s before
the House of Lords finally reached a deci-
sion. The protagonists agreed to settle
their costs out of court because by then the
patent had died of old age!

Patent disputes can be so wearing to all
parties concerned that they will quite lite-
rally drive the litigants to suicide. This is
exactly what happened in the case of Major
Edwin Howard Armstrong, inventor of
f.m. radio. While still a young man Arm-
strong patented regenerative feedback,
and the super-heterodyne principle. In
1920 he signed over these patents to
Westinghouse for half a million dollars. He
needed the money to help pay his legal fees
arising from a bitter patent dispute with
Lee de Forest over the patents on feed-
back. Armstrong and de Forest fought
each other through twelve separate court
hearings, winning six each. Then in 1934
the Supreme Court in Washington handed
idown a final judgement. It was against
|Armstrong, leaving him no longer the true
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inventor of feedback. Although the deci-
sion soon achieved legendary status as clas-
sic proof that the law is sometimes an ass,
Armstrong was terribly disillusioned with
patents. Nevertheless he still found the
time and enthusiasm to work on super
regeneration and then f.m. communica-
tion, which he patented in.early 1933.

In the late 1930’s the major US radio
manufacturers, including Westinghouse,
GE and Zenith, took licences to manufac-
ture f.m. receivers under the Armstrong
patents. But RCA refused. The outbreak
of war postponed a legal confrontation be-
tween Armstrong and RCA. But in 1948
Armstrong sued. The pre-trial work neces-
sary just to prepare the case for court took
five years. The patents expired on Boxing
Day 1950 but the court case continued. On
the evening of 31st January 1954, Major
Armstrong, exhausted by it all, just
walked out of his 13th storey apartment
window in New York to instant death.

Armstrong’s widow, Marian, continued
the case in Armstrong’s name. Shortly be-
fore his death he had filed twenty fresh
court actions against a string of smaller
f.m. set manufacturers. To pay for these
cases, Marian Armstrong made an out of
court settlement with RCA for one million
dollars. It was not until 1967, seventeen
years after the Armstrong f.m. patents had
expired and thirteen years after the inven-
tor’s death that the most crucial Arm-
strong case — against Motorola — was
decided in Armstrong’s favour. The inven-
tor was posthumously vindicated on all 13
points in dispute and 10 million dollars of
back royalty payments were collected from
Motorola and the others. This payment
was for just three years of activity on f.m.
in the United States between the end of the
war and expiry of the patents.

Our own Alan Blumlein was less lucky.

"He died, in 1942, ten years after his inven-

tion of stereo and long before there were
any commercial rewards. It is often said
that inventions are ahead of their time and
Blumlein is a classic example of an inven-
tor ahead of his day. His master patent on
stereo, BP 394 325, was filed between 1931
and 1932. It was hopefully kept in force by

his employer EMI for the whole of its.

sixteen years natural life, despite the fact
that there was no commercial call for what
it protected. As Arthur Keller of Bell Labs
in America, who was working on stereo at
exactly the same time as Blumlein (unbe-
known to each other) told me in America
last year: “It was the recession and people

couldn’t afford one loudspeaker, let alone

two”’.

The EMI-Blumlein patent routinely ex-
pired in 1947, but EMI made an applica-
tion to have its life extended because of the
hiatus created by the war years. Under

special provisions a new patent on stereo:

was sealed in 1949 and had a five year life.
So Blumlein’s original patent did not
finally expire until the 13th December
1952. This was just a couple of years be-
fore the first stereo tape recordings were
issued. Discs came at the end of the fifties.
So neither Blumlein, who was dead, nor
EMI, whose patents were dead, reaped any
financial reward from the invention.

Ideas exposed

To patent an invention, then, can be as
demoralizing as it can be rewarding. But it
is fortunate for the general public that

inventors do still continue to file patents.

The reason is in the word “patent”, which
means to lay open. As previously ex-
plained, a patent is a bargain struck be-
tween the Government and an inventor,

with the inventor disclosing full details of -

the new idea in return for that elusive and
limited period of legal ‘monopoly. The re-
sultant value of patents as a source of in-
formation is widely misunderstood and
grossly underestimated. Patents are prob-
ably the only technical publications which
remain permanently published “in print”.
It is possible today for anyone to read a
copy of British patent Number One of
1617, simply by visiting any patent library
which houses a full collection of British
patents. A full xero-copy can be bought for
the same price and as easily as a copy of
any other British patent..Of course, BP
No. 1 is now only of value as a curiosity.
Although it ostensibly describes a new
process for printing “mappes”, the five
pages of text are filled mainly with prosaic
“know ye’s’’, ‘“‘whereas we’s’’, and
“uttermost peril” threats. But some of the
millions of more recent patents are much
more informative.

An inventor is legally obliged to give a
full working description of his idea, and a
method or means of putting it into
practice. Even if only a small aspect of the
idea is new, and patentable, the descrip-
tion must still be full. It must put the new
idea into perspective and enable someone
who understands the general field of tech-
nology to put it into working practice. So a
patent can tell all, or almost all, about a

_ company’s research project. Quite often a

company with a supposedly secret idea will
already (and unrecognised by most of the
staff) have published that idea to the pub-
lic in the form of a patent! This is particu-
larly likely now because under the new
patent laws pending patent applications are
published. (Under the previous British
laws only granted patents were published).
For instance while the technology of the
new Sinclair flat-screen tv tube was sup-
posedly ‘still under wraps, full details had
already been published in pending patent
applications. The press was thus quite free

to publish information which the company

and its PR people regarded as secret. And
a search through Kodak’s patents tells
much more than the company tells. Its
important to understand that you don’t
infringe a patent simply by reading it. You
can also talk and write about what it des-
cribes. It’s only when you start to use the
invention that the legal problems arise.

‘Even so, the effective scope of a patent is

defined by a set of claims at the end, not
the detailed description and drawings that
precede them. These claims may be very
limited in scope, even though the preced-
ing description is lengthy and detailed.
USA patents number 3,852,787 on the
Nimslo 3-D process is a good example of
this. The text and drawings describes in
fine details of the process but the patent
claims are much more limited.
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What to patent— and when

Patent claims must be very carefully
drafted. If they are too broad, or greedy in
scope, they will raise official objections
‘from the Patent Office examiners, whose
job it is to process every application before
granting a patent. And even if the Patent
Office can be persuaded to grant excessi-
vely broad claims, the resulting patent may
.be open to legal attack because its claims
also cover well known devices. When a
patent describes a broad field of tech-
nology in detail, but claims only a specific
fine point of detail, this is usually a sure
sign that most of the field is already cov-
ered by other patents or is no longer
patentable because almost everything is
well known and in the public domain.

This point underlines a basic canon of
patent law. To be legally valid a patent
must claim an invention that is truly new
when the application is filed. If anyone,
including the inventor, has previously
disclosed the idea, then any patent granted
on it will be open to legal attack and prob-

“ ably worth no more than the paper on

which it is printed.
There was a good example of this in the

. field of quadraphonics. American inventor

David Hafler had a clever idea of deriving
surround-sound from stereo. This was the
so-called “Hafler system”. Different in-
formation is extracted from the stereo pair
of outputs from an amplifier and fed to
extra speakers. Hafler patented the system
but only after he had published an article
describing it. So at least part of his patent
monopoly was automatically invalidated.
The inventors of the Aerostat anti-static
pistol have faced a similar problem. Their
pistol was shown on the tv programme
Tomorrow’s World before a patent applica-
tion was filed.

Under the new British laws (but not
under the old laws) an invention must be
truly inventive as well as new. Suppose
you came up with the idea of soldering a
joint by clamping a soldering iron in a vice,
and moving the joint and solder over the

fixed iron. Strictly speaking this could be

new, because it’s unlikely that anyone has
ever patented the idea before or suggested
it in print. Everyone has previously
clamped the joint and moved the iron
across it. But the new idea is plainly ob-
vious, not inventive, and thus not now
patentable.

Although a narrow patent claim, which
seeks monopoly on just one specific techni-
cal advance, may be legally valid, it may
also be of little commercial value. It is too
easy for a would-be infringer to avoid. In

the mid-1960s the National Research De-

velopment Corporation filed a patent ap-
plication on the use of carbon fibre as a
material strengthener. But the claims in
this patent were drafted in narrow terms to
cover only carbon fibres made from a par-
ticular raw material (polyacrylonitrile).
After the NRDC patent was granted other
firms devised and patented other ways of
making carbon fibres from other materials
e.g. pitch and rayon. So the NRDC patent
was enforceable only against carbon fibres
made from the particular raw material
specified in its claims.
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By now it should be clear that securing a
patent is a tricky legal business. In fact it’s
even more tricky than you would think.
Some people would say it’s as easy and safe
as taking out your own appendix. So
inventors should seek professional advice
from a patent agent. And of course they
should do so before saying anything to any-
one about their invention. Remember al-
ways that the grant of a patent is no guar-
antee of legal validity. The Patent Office
examiners cannot possibly be expected to
know of every prior sale,” publication or
disclosure which can undermine the legal
strength of a patent. But you can be sure

_that if you are granted a patent on a com-

mercially valuable idea, if you have
disclosed that idea before the filing date,
someone will subsequently use that disclo-
sure to attack your patent if it is to their
commercial advantage.

Taking advice

The Chartered Institute of Patent Agents

" (Staple Inn Buildings, London WC1V

7PZ) publishes a list of qualified or char-
tered agents. But be warned that patents
agents are, like solicitors, expensive. They
can charge you at least £30 or £40 an hour
for advice and patent aid. This is of course
on -top of all the official legal fees (like
stamp duty) involved in securing a patent.
And then there are those renewal fees
which in Britain must be paid annually
from the fifth year of life of any patent you
are granted. These fees are heavy and run
on a sliding scale of several hundred
pounds a year.

Unlike the Government Patent Office,
patent agents don’t operate on a fixed
charge of fees so ask for a rough estimate of
costs when you talk to a patent agent about

" your invention, or you may find yourself

faced with a surprisingly heavy bill. Also,
although in theory any patent agent should
be able to handle any case, in practice of
course some specialise in chemical matters,
others in mechanical matters and others in

electronics. Some patent agency firms em-

ploy several qualified agents to cover a
wide spectrum of science and technology.
Inevitably word of mouth recommenda-
tions can be very valuable.

A patent agent’s advice is needed not
just when you have invented something
and want to patent it; you should also take
a patent agent’s advice when you are
planning to manufacture something,
perhaps in the face of a prior patent. If you
know of a patent’s existence it’s easy to
establish whether it is still in force, has
expired through natural old age or been
allowed to lapse through non payment of
renewal fees. But it is much more difficult

" to establish whether what you are doing

does or does not infringe the claims of
some unknown patent.

There is also now some confusion under
British law over the relevance of artistic
copyright to inventions. Artistic works in
the UK are automatically afforded
copyright protection and as a result of
various legal precedents created over the
last decade, a court may decide that the
artistic copyright in a set of engineering
drawings or blueprints is infringed by
someone who produces a closely similar

item. There is even some legal doubt over
whether or not an inventor forfeits artistic
copyright when a patent has been granted
on the idea. So it is possible that a design
not covered by a live patent may be cov-
ered by artistic copyright and drawings.
There is also of course the possibility that a
recent improvement on an old unprotected
idea may be covered by a new patent.
Frankly anyone who relies on their own
judgement to decide whether or not they
are infringing someone else’s patents is
asking for trouble. There really is no use-

ful advice to give, other than take legal

advice from a patent agent.

It’s here worth pointing out that under a
quirk of British law a solicitor is entitled to
act as a patent agent, even though solici-
tors are not required to take the same very -
tough examinations faced by trainee patent.
agents. There are some solicitors who
specialise in patent matters and are every

it as competent in this areas as a qualified

patent agent. But there are other solicitors
who know little of patents. Some know
enough to recognise their limitations and
sub-contract patent work to a patent agent.
This can put up the end price to the inven-
tor and make the chain of communication
confused. Worst of all, some solicitors
know so little about patent matters that
they don’t recognise how little they know,
and thus feel confident to advise on patent

Even if you take advice from a patent
agent, it can help to have some back-
ground knowledge of the law. Apart from
anything else it can cut down the time, and
thus the cost, of initial consultation. What
follows therefore is not, repeat not, in-
tended as a do-it-yourself guide to
patenting. It’s simply a briefing on patents
which is intended to make any subsequent
consultation with a patent agent more effi-
cient, more effective and more economical.

Because patent law in every country is
different, what follows applies only to the
United Kingdom. British patent agents
have associates in foreign countries
through whom they file foreign applica-
tions. If this is done within one year of the
British filing date, the original British fil-
ing date can be claimed for the foreign
applications. There is also now a European
scheme, which makes it easier (and under
some circumstances cheaper) to file in a
number of European countries. One day,
but not yet, inventors will be able to obtain
a single patent covering the whole Com-
mon Market. There also exists a Patent
Cooperation Treaty which takes in
countries all round the world. This, rather
like the European scheme, makes it easier,
and sometimes cheaper to file in several
countries at once. But the over-riding con-
sideration is that foreign filing is extremely
expensive. Unless you have good reason to
believe that your invention is a potential
worldwide money spinner, then a British
application is the best compromise be-
tween doing nothing, with the risk of see-
ing someone else reap the rewards from
your idea, and patenting in a string of
foreign countries and going bankrupt in

the process.

This prompts one further point. If you
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are hoping to sell an idea, rather than ex-
ploit it yourself, then you must first file a
‘patent application. The very act of offering
an idea to a third party may well spoil your
chances of subsequently securing a legally
valid patent on it. This is because most
firms will refuse to consider an idea in
confidence. They are scared that the
inventor may disclose in confidence what
they already have on their own secret
drawing board. Such a clash can create the
most awful legal tangles. So usually a firm
will insist that before looking at any inven-
tion it must be covered by a pending

patent application and disclosed without

any seal of confidence.

The basics of British patent
procedure

For the sake of this section let’s assume
that an inventor dreams up a new idea for
noise reduction which is different from
- Dolby and dbx. It’s not strictly necessary
for him- to build a working system before
filing a patent application. But obviously
there’s little point in filing a patent appli-
cation on something that won’t work.
Some experimental testing is thus usually
worthwhile. But the inventor shouldn’t
experiment for too long or in the meantime
someone else may come up with the same
idea and file their own patent application
first. Also the inventor should not talk
about the circuit, except to friends and
colleagues in confidence. Certainly he
should not try and sell it to anyone or
publish it, for instance in a magazine arti-
cle.

Let’s assume that the idea seems to
work. The next stage is to stop and think
hard about whether it’s commercially
viable. Is there really room in the world for
another noise reduction system as well as
Dolby and dbx? What does it offer that
Dolby and dbx can’t offer? Is it cheaper,
better, or what? In other words, is it a

better mousetrap, or just another mouse-.

trap?

Let’s now suppose that the inventor has
good reason to believe that the new noise
reduction system not only works, but will
sell in competition with Dolby and dbx.
Some people would say that the next step
is to carry out a patent search and see
whether the idea is new. But in practice

this may not be the best course of action,

Searching for prior patents in a field of
subject matter (in this case noise reduction
systems) is a lengthy, complicated, expen-
sive and not always very conclusive busi-
ness. It takes years of practical experience
to become an efficient patent searcher.
There are professional firms which
specialise in patent searching, and these
are often employed on a sub-contract basis
by patent agents. Other patent agents have

“tame” searchers on the payroll. Some -

very large manufacturers employ their own
searchers. But whoever does the work, it’s
never easy and it’s never cheap. A search
will cost hundreds even thousands of
pounds. Also the fact that no relevant
patents are found in a search isn’t proof
positive that no relevant patents exist. The
British Patent Office has been heavily
criticised over recent years for mis-filing

some patents, so even the most diligent
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searcher couldn’t be expected to find

them.
Of course it makes sense to pay for a

patent search before embarking on an ex-

pensive development project, for instance
to produce chips and market equipment
incorporating the new noise reduction
system. But first priority, assuming the

- idea works and the inventor thinks it has a

commercial future, is to get a patent appli-
cation on file and so establish a priority
date.

Under the old British patent laws (prior
to 1978) the inventor could cheaply file a
provisional specification which gave a
rough outline of an invention. Then, a year
later, a complete specification told the
whole story and claimed monopoly. Today
an application can still be filed cheaply

“ without claims and lie dormant at the

Patent Office for twelve months. During
this period the inventor can continue to
work on the project, perhaps trying to sell
it to a manufacturer, The application has
established a priority date and generated
the freedom to talk and write. If the idea
proves to be less exciting than at first
seemed likely, then the application can
simply be abandoned. If the idea looks
hopeful, then within twelve months the
inventor must pay extra fees and file a set
of claims to define the scope of the legal
monopoly sought. These claims would for
instance distinguish the new noise reduc-
tion system from whatever the inventor
knows about all the many noise reduction
systems which have been described and
patented over the last half century. The
further fees pay for an official search by
the Patent Office. (This is another good
reason for not bothering too much about
an earlier, privitely-financed, search).
After that more fees buy a thorough exam-
ination. If all goes well the application is
accepted and granted. But it can take up to
41, years. An important point to re-
member is that after eighteen months from
the filing date, the application and the
results of the search report will be pub-
lished for anyone to read. So any secrecy is
then forfeited for ever. Objections by the
Patent Office examiners, for instance that
the idea isn’t new, or is obvious and with-
out any inventive step, or that the applica-
tion is unclear, have to be dealt with in
correspondence, logged phone calls or
meetings. Although there is nothing to
stop an inventor drafting his own applica-
tion documents and handling or “prose-
cuting” the case through the Patent Office,
it’s a daunting procedure. Also most
patents which are obtained by inventors,
acting on their own behalf, are legally very
unsound.

By far the best course of action is for the
inventor to have a patent agent draft the
original description, follow through after a
year with the claims and then argue all the
matters that arise with the Patent Office
examiners. The pitfalls for d.i.y. patenters
are too numerous to mention. If, for in-
stance, vital information is left out of the
original case papers, it can’t later be in-
cluded. A new application will have to be
filed, This can cause terrible problems for
the inventor. Suppose, for instance, that

‘the Patent Office searcher finds a previous
disclosure of a similar noise reduction cir-
cuit, but the new circuit has a quite dif-
ferent attack and release time which pro-
vides immunity from undesirable

breathing noises. This small difference - .

might be enough to secure the grant of a
patent on the new circuit, with the claims
limited to circuits for generating the parti-
cular beneficial range of new attack and
release time constants. This feature might
turn out to be the vital selling point of the
system, But if it wasn’t adequately des-
cribed in the original application docu-
ments, then the inventor won’t be able to
claim it and the application will fail. This
holds good even if the inventor had
worked on and solved the problem of at-
tack and release time constants before fil-
ing the application. If a description of that
work isn’t in the patent it’s legally
valueless. A second application might
come after someone else’s work on the
same ijnvention. There’s also a risk from
over-specific description. Suppose, that
the time constants have been too closely
defined in the original document, with
only a very limited range of constants

Jlisted. If it subsequently turns out that

time constants outside that range are ideal,
then the inventor may end up with a patent
but one that only protects a circuit that
isn’t of commercial value.

Patent fees are continually rising and so
are patent agent fees. It can easily cost
several hundred pounds to secure a patent
on even a very simple idea that runs into
no prosecution difficulties. But most ideas
that are worth patenting aren’t simple and
they don’t sail through the Patent Office
without problems. Although the Patent
Office official fees are fixed, for the most
part irrespective of the invention and prob-
lems of prosecution, patent agents charge
by the hour. So the more complicated the
case the more it costs to secure a patent.
And of course there’s no guarantee that the
inventor will be granted a patent in the
end, however much he spends, if the
Patent Office doesn’t agree that the idea is
new and inventive.

The Patent Office, 25 Southampton
Buildings, London WC2A 1AY provides
free official pamphlets on applying for a
patent. The current scale for official fees is
also - available from the same address.
Copies of all British patents and the list of
patent agents who are registered to practise
in Britain are available for free reading in
the Science Reference Library (once the
Patent Office Library) which is housed in
the same building as the Patent Office. O
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CRISIS CONTROL

In the first part of this article, R. E. Young dealt with the problems faced by control
engineers in moments of crisis. The second part is a description of methods of data

presentation and operator training.

As has already been implied, once it has
been accepted that ultimate-emergency
crisis-control facilities must be incorpo-
rated in an installation, then an entirely
new form of control working — a new
‘safety regime’ — is needed. This is real-
time operation, in contrast to the-routine
control methods which can be used with
the ‘slow-to-change’ parameters of most
established public utility and like systems.
There is consequently a demand for
special equipment and techniques to deal
with rapidly changing and unexpected
situations. Examples are the ‘at-a-glance’
and comparable reading techniques, all
aimed at producing an operator response
which is in effect instantaneous and, as far
as possible, error-free. Also, because of the
special nature of these displays, e.g. for
independent-check applications, design
provision should include observer-as-
sistance to enable accurate transfers to be
made between alternative types of display.

Independent-check principle

Independent-check methods, which
originated in aerospace and similar instru-
mentation, use the principle of a specific
measurement covered by two completely

by R.E. Young,
B.Sc. (Eng.), M.R.Ee.S,, F.I.LE.E.

separate instrumentation chains,  each
working on an entirely different physical
basis from the other. B
In many of the applications proposed for
emergency working — and as used for
aerospace development ~ closed-circuit
television provides the second chain, with
conventional transducers used for the first.
There are several advantages in adopting
such a system, not least the facility it gives
to make calibration checks on remote
transducers which are virtually inaccessi-
ble under working conditions, and which

cannot even be approached in a hostile -

local environment.

The main argument for independent
check — again backed by aerospace exper-
ience — lies in its relative invulnerability,

Fig. 4. Closed-circuit television monitorin
can form one of the chains in an ~
independent-check system. System at {a)
uses a conventional camera, while that at
(b} has a flying-spot scanner and detector.

when compared with straightforward
duplication, an obvious alternative. Taking
a severe break-down condition in a
duplicated system, failure of one compo-
nent - due to, for example, abnormal
mechanical shock, will almost certainly be
accompanied by the corresponding compo-
nent in the other (parallel) set failing in the
same way. Even the suggestion of triplica-
tion can be countered by the same
reasoning, particularly if only one system
element fails completely and the other two
are on the ‘break-point’, i.e. are in a ‘false
indication’ type of fault condition.
Furthermore, it must be pointed out that
the ‘voting’ equipment generally used in
these case is, by the same token, open to
doubt in itself, and especially under far-
reaching crisis conditions. Incidentally,
this classic voting problem, whether it is
carried out by human assessment or by
some form of comparator equipment, de-
mands for its final solution comparison
with some form of external reference.
Besides the use of c.c.t.v., alternative
types of transducer can be used in the
second (checking) chain; but as part of the

. overall philosophy of independent check,

the minimum amount of equipment
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should be interposed between the instru-
ment output and the data presentation
points. In other words, ideally. no equip-
ment (liable to cause unreliability or error
by its very presence) should come between
the measuring instrument and the display.

The considerations lead to the concept
of working at ‘raw-data’ level where the
transducer feeds a v.d.u. and, with the
balanced-oscillator or other frequency out-
put transducer, presents a sine-wave-type
trace. As shown in the photograph (Fig. 5)
the c.r.t. trace can be backed up by a
digital counter or other frequency meter,
but one of the main advantages of this
display is that the operator can discrimi-
nate between the required ‘value’ signal
and spurious interfering signals which can
be expected during the totally abnormal
conditions of crisis breakdown. For in-
stance, under such conditions, - high-
energy impulsive .interference alone can
reach such proportions as to obliterate
completely a coded signal pattern.

Similar ‘considerations apply to the use
of c.c.t.v. for independent checking,
where it works as a telemetering medium.
It has, in addition, an outstanding advan-
tage in that once the intelligence has been
in effect ‘encoded’ in pictorial form, no
further degradation in its data content can
take place through the system. Also, the
ability to read through interference given
by the ‘frequency’ signal is enhanced in the
television case since the operator knows
what the picture should be and can read it

" through near-saturation interference.
Furthermore — and this is vital for a
multiple breakdown due, for example, to
‘knock-on’ fault development — failure of
the tv system as an instrumentation chain
is obvious. In comparison with other
chains it is effectively ‘fail-safe’ in that no
indication by an individual instrument
within a televised group means that the

instrument, rather than the remainder of -

the chain, has developed a fault.
Using these visual methods, which can
only be surveyed here in broad terms, does

46

Fig. 5. Sine-wave raw-dat trace of
balanced-oscillator type of transducer,
aided by digital frequency display,
discriminates between required reading
and interfering pulses. Photo by
Manchester Polytechnic.

put a significant load on the observers/ope-
rators; but means for reducing this load
form part of the treatment in ‘Control in
Hazardous Environments’? of * control
room organization which includes a ‘two-
tier’ control structure. The picture of Fig.
6 is a representation of a small, highly-
trained crisis management team of engi-
neers working under full emergency condi-
tions at their special positions on the mas-
ter consoles. The team is operating in a
two-tier grouping with the senior engineer
at the back in control overall, having
access to all levels of information, with

their selection determined by him in
accordance with his ‘reading’ of the situa-:

tion. Communication is also on a two-tier
basis with information ‘filtered’ (data-
marshalled) to ensure that only ‘main-
stream’ data and speech reach those con-
cerned primarily with taking immediate
decisions and crisis-control actions.
Although the preceding descriptions
cover only wvisual analysis of raw data and
similar displays, the writer has suggested
that future development should include
‘super-software’ techniques to replace rou-
tine human observation by computer in-

terpretation of a number of raw-data
television pictures. Thus, for example, a
group of (say) simple instrument dials,
would be kept under computer-based ob-
servation (image analysis) to detect
changes, in an anticipatory control role,

-but this would be brought into use for

crisis control to take some of the load off
the operators under emergency saturation
conditions. .

Training : :
These new methods of operational
working place a heavy ‘thinking’ demand
on the engineers; and it is suggested that
the corresponding levels of training and
preparation which are required are such
that they should be largely subliminal in
‘nature. This means that the training mech-
anisms should not be obvious; a ‘from-
within’ type of intuitive element is needed,
ideally on both sides (teacher and pupil).

That conventional methods, even most
types of simulator training, should be
avoided, comes out.of the consideration of
(stress) conditions A and B and'the manner
in which individuals enter them. As a gen-
eral rule, those in condition A had de-
veloped an absorbing technical interest in,
and grasp of, the system they were operat-
ing, and had been helped to reach this
position by on-the-job training. Here, they
had been allowed to do specific pieces of’
responsible work, but at the same time
were given an overall view of the system at
suitably timed intervals without any of the
tasks being made over-taxing, either in
length of time spent or in unnecessary
mental effort (e.g. in memorizing facts not
directly concerned with the work).

These points may seem unimportant,
but the conclusion which emerged was
that, by what amounted to subliminally-
induced learning, those in. condition A
were able to arrive at correct interpreta-
tions of situations, and to make correct
decisions, without any lengthy mental search
(and ‘back-comparison’) time being required.

In contrast, those in condition B were
not able to achieve these near-instanta-
neous results in such a crisis and this ap-
peared to be due, at least in part, to the way
in which their standard (classroom)
courses had to be conducted — they had to
absorb a great deal of inessential material
along with the essential. This meant that,
under the stress of an emergency, they had
to separate out the wanted information
from the unwanted and this meant that
because of this mental clutter, an accepta-

‘Fig. 6. Crisis management team forming a
‘two-tier’ group. i
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ble time of response could not be achieved.
In turn, the thinking fatigue generated was
]ssufﬁcient to cause a relapse into condition
The importance of these statements
needs no emphasis; but it was not until
correlation was established with the results
of the mental handicap research already
mentioned that they were seen to be based
on two very different kinds of observation
and two different kinds of theoretical fol-
low-up, both of which nevertheless gave,
in effect, the same answers.

With this background, it was possible,
for example, to embark on various pieces
of ‘system modelling’; and from them, to
predict certain effects such as the delay

time which can elapse between question

and answer with mental handicap hyper-
autism, and the distortion (inversion) of
words in speech, making a word com-
Pletely unrecognizable, which appears to
be set up-as-the result of imperfect mental
data marshalling (selection) and checking.
- Turning to the question of mental han-’
dicap itself, ‘“this most mysterious of
human complaints”, the ‘shell’ effect not
only represents the isolation of the hyper-
autistic state, but also throws into relief the
_need to help the mentally handicapped
person to communicate ‘from within’.
_The word ‘shell’ — put forward by the
patent of a mentally handicapped girl — is
probably unequalled to describe the state
rqached when conditions are at their worst,
yvnh energy sapped by thinking fatigue,
itself set up by, for example, attempts at
conversation with no allowance made for
delay time, or- by unknown visitors
appearing without warning. This need to
avoid intrusion by strange visitors is not

always recognized; but it is understood

that in at least one centre in Europe, visi-

tors are not allowed to watch the mentally -

handicapped students during working
hours to avoid disturbing them.

The two-way mirror which permits
shielded observation without causing dis-
turbance forms an ‘important part of the
E}nb‘ryoxLanguage Laboratory shown in
Fig. 6; and which in this case is being used
to give the mentally handicapped the op-
portunity to use the telephone under
controlled conditions. It can be predicted

Bright room

Pflicmphones

S

Person behg
evaluated

# &

'Flg. 7. Embryo
the telephone.

that, provided the telephone is ‘accepted’,

this can be helpful in reducing the shell, i.e.

il_l reducing the obstacles to communica-
tion, It does seem that side-tone and
§um‘lar effects may well be clutter-reduc-
ing, while the interest engendered by using
adult technical equipment can reduce the
‘shell enormously.

;n the arrangement shown, the student
‘using the telephone, and looking into the
obscured side of the mirror, is talking to
th.e instructor on the other side.
Microphone/loudspeaker monitoring is

provided back to the instructor giving local -

gssistance to the student in this particular
instance. ; :
_ One of the objectives here was to gain
.u}formation on the degree of confidence
given to the student by using the tele-
phone, and the amount which can be attri-
buted to side-tone anti-clutter reinforce-
ment, and how much to the use of the
telephone itself. This information is ob-

, viously of value on the mentally handi-

'Next Month

The final part of John

Linsley Hood's series on
a 100W mosfet audio
amplifier contains a des-
cription of the complete

design, including full cir-

cuit details and printed-
board layouts. A design
for the matching pre-
amplifier, which pos-
sesses several novel fea-
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capped side, but perhaps even more to
study of the B condition. '

In general terms, “the mentally handi-
capped never look at themselves in mir-
rors”; and the extent to which this is true
for the individual shown — looking in to
the mirror — provides additional informa-
tion for the assisting instructor. This is
typical of the indirect methods which may
t{e used to obtain information unobtru-
sively so as not to cause distress and to
prevent the development of the shell.

Full acknowledgement must be made of
the major contribution of Dr. Gordon Ay-
ery, when District Community Physician
of the Warwickshire Area Health
Authority, South District, in his interest in
the research programme on mental handi-
-cap.

Corresponding recognition must also be

‘given to Professor Harold C. A. Hankins

of the University of Manchester Institute
of Science and Technology for invaluable

‘discussion of this subject.
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tures, will follow in an

early issue.

Receiving Meteosat-Il..

Enhancements for Mike

Christieson’s high-reso-

lution weather-satellite

picture system extend
its capabilities to cover
primary data from Me-
teosat-ll, launched in

‘moving repetition from
a circuit modelling
program and using ma-
cro-codes for certain
routines, a 16-node cir-
cuit can have its gain

‘and phase parameters
plotted in minutes in-

stead of hours.
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Sequential digital
display for 8080A-based
systems

Eight digits can be displayed sequentially
in two steps using seven-segment displays.
During the first step, segments a, b. c and
d are enabled and show the contents of the
first byte assigned to this digit in the
display ram. During the second step, seg-
ments e, f and g are enabled and show the
contents of the second byte.

When the display r.a.m. is addressed by
the c.p.u. line X (one output from a
memory-mapped i/o decoder) goes low and
disables IC, and all displays. In the
meantime IC, selects the four lowest-order
bits AO-A3 of the address bus to address
the required byte in the display r.a.m. 1C;.
With the MEMW line low (in response to a
‘store-in-memory instruction) the lowest-
order bits D0-D3 of the data bus are stored

“in the addressed byte of display r.a.m.

When the write operation is terminated,
X goes high and the refresh circuit is
enabled. Outputs of the hexadecimal coun-
ter IC; (Qa, Qs, Qc, Qp) are selected by
IC, to address the 16-byte r.a.m. (ICj).
When Qa is high, the output of 1C; is

~ passed to segments e,f, g of_ the display
chips. The seven-segment chip addressed
and selected by IC¢ will be the only one to.
respond to the output of the disp}ay ra.m.
Decimal points are excluded in this de-
sign. To permit control over decimal
points, connect pin 11 of IC; to pin 12 of
ICs and pin 11 of ICs to the cathode of the
decimal points. The circuit is expandable
to display more than eight digits, but other
components such as 2112-4 ram are recom-
mended, instead of a multiple of 7489
rams, to reduce cost and size.
The word byte refers to a word of four
bits in the display r.a.m.
G.A. M. Labib
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Option: Decimal point

As data sensed at the outputs of IC3 is the com-.

plement of data stored, and as seven-segment
chips are common anode, a logic 1.0 data-bus
bits (Do, D1, D2, D3 or all) will cause the corre-
sponding segments to light when enablad.
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Loudspeaker

displacement detector

Used as part of a motion-feedback system,
this circuit detects the dynamic displace-

ment of a loudspeaker optically using an.

led and phototransistor. The small infra-
red led is attached to the loudspeaker cone

and the photo-transistor positioned to give-

between 20 and 30mA led current. Optical
bias for the photo-transistor and compen-
sation for changes in ambient lighting are
provided by the op-amp. Sensitivity is
high, and for practical displacements, the

output is quite linear and does not require
. square-law conversion. Simple shielding

from artificial lighting may be required to
prevent 100Hz ripple on the output, and
screened cable should be used for the tran-

sistor lead. Construction of the prototype.

is shown in the diagram. ‘Blue-tak’ was
used to secure the led and leads to the
loudspeaker. The cross-piece and tran-
sistor mountings should be as rigid as pos-
sible.

Simon Young

Cambridge

Full-wave precision
rectifier = - :

This circuit has two advantages over other
forms of precision rectifier — for unity
gain only two matched resistors and re-
quired, R; and R;, and with capacitive
loads, the circuit becomes peak reading.
The peak-reading configuration decay-
time constant is defined by the capaci-
tance, C, and the parallel combination of
Rz and Ra.

If the rectifier is required to have gain,
then R4 may be included, in which case; .

N 1;a]'n=R_2=R3+R4
- +2v Ri Ry ;
%3&«3 The circuit is accurate at high frequencies
T Output and responds to greater than 100kHz with -
. L - TLO082 amplifiers. If high-frequency res-
o) ponse is not required, D, and D, may be
§Lk7 A eliminated and Rj3 reduced to zero. Note
100K that without D,, there must be a d.c. path
+ / at the input.
o A C. W. Beal
22k 1 o Baildon
+ West Yorkshire
330
L} o
4k? 1 T'w)‘
BFR79 efc.
4 ov
- -/
e =———— B e
S e
D4 |
P+
R3
AN
Z
Ru< ApAg=aTLOB2
]
o
Non-polarizing R-to-V & .
k
transducer . - ANt ARA—— AR
Circuit shows a resistance-to-voltage —>10Vp.p. .,
transducer designed for a soil-moisture =5
measuring instrument. It uses complemen- Nl b m

tary j.f.e.ts to provide positive and nega-
tive constant-current sources for R;. The
resulting voltage is rectified by IC; and IC,
to produce Vo=I ons. XRj.

A. Bartram

University of Exeter

Devon :
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Connecting answering
machines

This circuit connects a telephone ans-
wering machine (tam) to an exchange
line and includes relay switching so that all
the facilities may be used automatically,
without restriction.

For automatic call answering the tam
senses a.c. ring current from the line via
the n.c. contacts of relay 1 and, after a
predetermined period set by the user (1 to
10 rings), answers the call by connecting a
d.c. loop across its terminals. After ex-
change of outgoing and incoming audio
messages, the tam opens the d.c. loop and
returns to a state of readiness. This auto-
matic process may be interrupted at any
stage by picking up manually and ans-
wering any of the associated telephones,
energizing relay 1. If this is done before
the tam answers, relay 2 does not energize.
If interruption happens after the tam has

" answered, the d.c. loop of the tam causes
relay 2 to be energized and its n.o. contacts
place the attenuator, comprising relay 2
coil and 250uF capacitor, blocking the
audio path between the tam and line. Sens-
ing the resulting silence, the tam resets and
returns to readiness. L

Outgoing calls may be dialled normally
from any of the associated telephones; the
n.o. contacts of relay 1 (whose coil is
slugged by 2000uF) and the n.c. contacts
of relay 2 connect to the tam network and
effectively block the 50 volt 10Hz dial
pulses from falsely operating the ring-cur-
rent detector. The diode in series with the
coil of relay 2 stops the 250uF capacitor
discharging while dialling and so aids this
blocking. The tam may be used to record
both sides of a telephone input across the
line via the n.c. contacts of relay 2 and the
0.33uF capacitor. The 250uF capacitor
and silicon diodes connected in' parallel-
opposition limit signals to some 600mV

~ peak-to-peak but do not affect recording of
conversations. :

Calls being answered by the tam may
be monitored by means of its internal loud-
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E
2000p 50V .
p —ﬂﬂ-\;l-{z), |
=0
Auxitiary ;il_l I .
tetephones '_g)l

speaker and interrupted manually if de-
sired. Monitoring may also be done from

,other rooms using one of the associated

telephones if d.c. through the coil of relay 1
is blocked. This may be achieved by means
of a series 2uF capacitor shunted by an
n.c. press switch which is pressed when it
is desired only to monitor calls and re-

‘leased (or not pressed) to interrupt the

tam.
Normal line polarity should be ob-
served, as shown. The 660 resistor and
its 2uF bypass capacitor, and the 3300
resistor across relay 1 coil adjust the d.c.
level through the tam and the sensitivity of
relay 1 for reliable operation when any
auxiliary telephone is picked up or re-
placed.

H. T. Wynne

Glasgow

Thermometer for
d.m.m.

The circuit shown can be combined with
an inexpensive digital-panel meter to form
a compact, accurate digital thermometer.

A dual op-amp and a PRT-100 platinum
resistance thermometer, whose resistance is
is a linear function of temperature, are the
main elements. The first op-amp is used as
a precision constant-current source and the
second as an amplifier. Any 3Ya-digit
meter with a 1999mV range will indicate
temperature directly in degrees centigrade,
from 0 to 199.9 with 0.1 degree resolution.

The sensor is pre-calibrated and its re-
sistance is linear from —40° to + 400°C, so
the circuit can be calibrated by replacing
the sensor with two known resistances.
First, using 100, zero adjustment is
made with the 0° set’ potentiometer
(Rr=100Q at 0°C). Next, the gain is ad-
justed for 200°C on the second potentiome-
ter using 1800 (Rt=180Q at 200°C). This
thermometer can replace thermocouples in
many applications and provide better ac-
curacy (£ 1%) and linearity (2%) between

- 0and + 200°C.

Dil Sukh Jain,
Hyderabad,
India.
Vin (+12v] Temp Ry
e 150
+12v
.21M 0 200°C 180
—AAA—
™ 0°set
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Al i 0-1999mv

=0-199-9°C

Poor man’s current
dumper

At low output levels, output current is
supplied by the op-amp through a 10002
resistor and at higher output levels, cur-
‘rent is provided by the output transistors.
Because of this, cross-over distortion
would appear to be eliminated. Quiescent
current through the output transistors is
not required.

The maximum supply voltage that can
be used is limited by the op-amp, and was
36V (stabilized) for the prototype using an
MC3403 device. An output of 10W into
80) was obtained. If the supply is unstabi-
lized, the resistor connected to ground in
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+V (36V max.)

); 300k B

47[n I
Input o—l|I & +
Y 1 3k9 (Ry)
20k (Rq) % 6u8 i
: i

TG}JB

100k | \“,é
A—p :

100

330u
25V

the input-biasing potential divider should
be replaced with a zener diode.

For the circuit shown, voltage gain is
about 28dB, but this may easily be in-

3 —0
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creased at the expense of h.f. response by
reducing the 3.9k} resistor, R;.

R. C. Cross, -
Felixstowe.
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'MICRO-CONTROLLED
RADIO-CODE CLOCK

Based on a 6502 microprocessor, this clock decodes and displays serial information from
a v.Lf. receiver. Although requiring powerful and complex firmware for best possible
performance in difficult areas, a system for non-critical applications can use only 2K of
object code. This second article describes alignment and firmware for a basic clock which
can be contained in a low-cost 2716. For future expansion, this ram can be replaced by link

Because most of the processing is real-
time, fast and efficient assembly language

must be used to decode and display the:

transmitted information. In the flow chart
for the basic clock, shown in Fig 1, the

program starts with a short initialization

sequence which sets the interface adapter
/o configuration, the timer for regular lms
interrupts, and clears part of the ram area.

After initialization, the processer enters
the main software loop which is followed

continuously. Flags are passed by routine
which mainly maintains a series of timers.

The receiver output is sampled in the main.

loop by a routine which searches for level
changes from low to high or vice versa.

When a change is detected, one of the

timers is read and reset. The low-to-high
transition usually occurs at the end of a
carrier break, the duration of which deter-
mines a logic 1 or 0 in the serial code.
Invalid timer values signal error condi-
tions which reject the block of code being
received. The various double pulses that
occur in the code are detected and ignored.
While the main program loop is operating,
a continual search is made for the unique
eight-bit synchronizing sequence
01111110 which indicates the end of each
time - frame. When this sequence is
recognized, a further timer, also updated
by the lms interrupts, is initialized. On
time-out a window is set for a further short
period, during which a high-to-low transi-
tion in the receiver output will synchronize

‘the decoded seconds counter and relevent

timers. A software loop is then initialized
and maintained in-phase with the received
second pulses.

The display is updated whenever a
change could have occurred in the display
registers. Digit-select codes are set with
the relevant data for each digit, and strob-
ing of the display drivers is achieved by
writing to these locations in sequence

using the chip selects inputs. When the-

decoded seconds count and timer are at a
certain value the error status, including a
parity check, is examined and if error-free,
the decoded time is transferred to the
back-up clock.

This design provides better error protec-
tion than the parity bit alone can offer, and
does not use too much memory space. A
commercial system which offers foolproof
operation requires greatly extended error
detection and analysis together with opti-
mization techniques to maintain accuracy;
far more memory space would be needed
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selection with a 2732 device.

by N. E. Sand

to accommodate the software and this

would depart from the ‘‘evaluation-.

system” concept. The present design pro-
vides good performance in normal operat-

ing conditions and only requires one 2K

rom. A high interrupt rate provides good
measurement accuracy and resolution in
the timers. Overall accuracy of the clock
after synchronization with the transmis-
sion is approximately 50ms. :

Fig. 1. Flow chart for the basic
clock system.

Enter data.
Flag out -of -limits
timer values

Found sync.
sequence?

Initiate sync. process

window
open and sync.
primed ?

Yes

Preset
decoded seconds

-

‘The most important part of this clock, or
any other design based on a time-coded
‘transmission, is the receiver. Although
complex logic circuits or powerful software
and microprocessors can be used to detect
and analyse any error or noise transient in
the transmitted code, unless a carefully

i
'

designed receiver is used in conjunction -

with this processing, practically every
clock or code will be rejected and the clock
will suffer from the usual crystal drift over
long periods, or worse still, will not be

Continued on page 56

Reset.
Set i/b and timers.
Clear ram

Receiver j '
output

changed?,

Found
decoder clock

£1?

No Read in code

=

seconds ready and
no parity ortiming

Preset back-up clock

—

Feund
decoder clock

227

Yes

Increment decoded
seconds counter
Update display

J

Found
back-up clock

By?

Yes

Increment back-up ‘
clock. Update display

i
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FAST AMPLITUDE
STABILIZATION OF AN RC
OSCILLATOR

This technique for stabilizing the output amplitude of an RC sine-wave oscillator
uses a multiphase rectifier to convert the oscillator output to d.c. This voltage
does not require further filtering, which results in a short amplitude settling time.

An experimental circuit demonstrates the technique.

L]

A stable sine-wave oscillator with ampli-
tude control usually incorporates a voltage-
controlled attenuator. The d.c. input to
this attenuator must have a very small
ripple to avoid excessive distortion of the
output waveform. If this diréct voltage is
derived from the usual half-wave rectifier,
an extremely large filter time constant is
required: the oscillator output level conse-
quently settles very slowly. This behaviour
is undesirable in low-frequency applica-
tions. -Several solutions have been pro-
posed to solve these problems, one of
which has been to combine analogue and
digital circuitry to use amplitude sam-
pling!*? or correction to the capacitor ini-
tial conditions,*. This involves relatively
complicated circuits. A more direct and
simpler circuit approach is to use oscillator
networks with available four-phase
voltage® or multiphase oscillators® with the
rectified, multiphased voltage obtained
from the oscillator. The circuit proposed
here also uses multiphase rectified
voltages, but these voltages are obtained in
a special circuit from two sinusoidal
voltages shifted by 90°. The circuit con-
sists of summing operational amplifiers.

The full circuit of the RC oscillator with
the eight-phase rectifier is shown in Fig. 1.
It includes an RC resonator (operational
amplifiers A}, A; and Aj;) with the voltage-
controlled attenuator (the transconduc-
tance amplifier g,, and resistors Ry to Rg);
the control circuit with the error amplifier
A4 and the two-stage multiphase rectifier
(the operational amplifier As to Ajy and
diodes D;—Dg) mentioned above.

Two sinusoidal voltages V; and V7 of
equal amplitudes are applied to the inputs
of two inverting operational amplifiers As
~ and Ag in the first stage. At the output of
this first stage we obtain four sinusoidal
voltages shifted with respect to each other
by 90° (Fig. 2(a)). The second stage pro-
duces eight sinusoidal voltages shifted with
respect to each other by 45° (Fig. 2(b)).
Here we use the fact that operational am-
plifier produces vector summation of the
voltages applied to its inverting input. For
example

> LES LS

e A = S 09
Vs V2 Ve :
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by I. M. Filanovksy
V. A. Piskarev
and K. A. Stromsmoe*

‘where V,, V3 and ‘.’6 are phasors corre-

sponding to v}, v3 and vs.

The multiplying factor 1/V2 in (1) is
achieved by the special choice of the resis-
tors connected to the operational amplifier
Ajg. Changing their values we could obtain
a phase shift of Vi with respect to V) and
V3 which is different from * 135°. Thus, in

- principle, we can obtain any m-phase

voltage system if we have two sinusoidal
voltages with phase shift different from 0°
and 180°. The output voltages appear
simultaneously with the input voltages and
the multiphase rectifier produces the out-
put d.c. voltage.

VR__:sin n/me
Tt/m °

where V,, is the amplitude of the m-phase
voltage. The multiplier sinnt/m-m/m ap-
proaches unity when m increases (for m=8
it is equal to 0.975). Hence, such an m-
phase rectifier can be used as a unit which
produces a direct voltage proportional to
the oscillation amplitude and without any.
delay (theoretically, at least), with low har-
monic content. The requirement of any
additional filtering when m increases is
eliminated.

The output voltage of the operational
amplifier A; coincides in phase with Vs.
We could use it and save one operational
amplifier in the first stage. But the voltages
V1 and V; have the lowest amount of har-
monics and using only these two voltages.
we obtain less total” harmonic distortion
(t.h.d.) at the oscillator output.

In the steady-state condition, the output
voltage amplitude of the oscillator is deter-
mined by the equality

VR=ER‘

where Er is the reference voltage. The
amplitude control system is a Type 1
system due to the fact that an RC oscillator

# University of Alberta, Edmonton, Alberta.

acts as an integrator with respect to an
amplitude change!” in the amplitude
control system.

During the static oscillations the condi-
tion

Ry 1

ng5+R7 Rs
is satisfied.

The tranconductance g, is determined
by the d.c. control current I, in the resistor
Rg and, for the CA 3080 transconductance
amplifier which we used in our experi-
ments, :

1
W
where V7 is threshold voltage® (Vy =

26mV at 300°K). The resistors Rg and Ry
are chosen from the cc_)ndition that

==

Em==

V- Ry
R¢+Ry

<V

where V7 is the amplitude of »;, This en-
sures the linear operation of the transcon-
ductance amplifier. The value of Rg was
chosen in such a way that the control cur-
rent I, (in the steady state condition) js
approximately equal to one half of the
maximum control current allowable for
linear operation. The centrol input (pin S)(
d.c. potential is close to the negative of the
power supply for CA 3080. In this case,
the linear operation will be preserved for
the whole output voltage range of the-error
amplifier A4 and at the same time the value
of Rs will be low. As a result the displace-
ment of poles from the jw-axis into the left

o<
=

7

(a) {b)

Fig. 2. Output voltages in multiphase
rectifier

(a) first stage

(b) second stage
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or right half plane due to the sudden
change in the Egr level will be maximum
and the transient response duration will be
shortened. .
The output voltage of the multiphase
rectifier includes the small ripple voltage
also. The amplitude of the k-th harmonic

-equals

This ripple voltage will be amplified in A4

and applied to the control input modulat-
ing the transconductance g,. The ap-
proach used by Vannerson and Smith’
allows us to calculate the output distortion
voltage which consists of only two signifi-
cant harmonics given by

q,d’=ll_2_3 R .Vs*_ Ry sina/m:
2Rs Ry Vr(R;+Rg) n/m

1 [ cos(m=1)wg, cos(m+ 1)0.)0)
[ (m2—1)( (m=1-1" (m+1)*—1

where wy is the oscillator frequency.
In the test oscillator,

Rly RZ, R3, R4 15k
Rs 47kQ2, Rg 39kQ
R; 1000, Rg 33k(2
Ry, Rj; 75k

Rg 220k, R 15kQ
C1, C;, 100F.

WIRELESS WORLD JULY 1982

Hiohicetorv com

. W 4 .
Fig. 1. RC oscillator with multiphase recti-
fier

For the output amplitude of V=10V,
the total harmonic distortion is 0.2% ap-
proximately. Further reduction of the
t.h.d. can be obtained by reducing the
ratio R 10/R 11

Figure 3 shows the transient response of
this oscillator when the reference voltage

Epg is modulated by a 60Hz square wave"

that changes from 10 to 6.6V. The tran-
sient response duration is not more than
two periods of the output voltage.

If the ratio R ¢/R;; is decreased to 1
(decreasing the t.h.d. to less than 0.01%)
the transient response duration will in-
crease from 2 to S5 periods which is also
acceptable in many cases.

The control zone is from 0.7V (or 0.3V
if we use germanium diodes) to saturation
voltage of operational amplifiers.
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DIGITAL, MULTI-TRACK
. TAPE RECORDER

Most of the digital playback circuitry was described in the February 1982 issue — the

remaining sections are covered in this p

The final block circuit diagram of the digi-
tal ‘playback’ electronics to be discussed in
detail is the 12-bit, serial-in/parallel-out
register and 12-bit latch, sample/hold and
demultiplexer shown in Fig. 9 of Part 2 of
the series.

Figure 34 shows the circuit of a 12-bit
serial-in/parallel-out shift register and a 12-
bit latch. The i.cs used are shown in detail
and no further comments about them are
- necessary. The NRZ serial data, output
from the four temporary storage buffers in
sequence, is fed into the 12-bit shift regis-
ter under the control of D/C. Once the 12
bits of a data word have entered the shift
register, the 12-bit parallel outputs are
latched across to the 12-bit latch upon the
positive transition of the Latch pulse. The
12 bits output from the latches remain for
the duration of twelve D/C pulses, and are
numbered in the same sequence as they
were entered in the recording process.
They are passed to the ‘Odd-bit’ parity
checkers of Fig. 35 and the digital-to-anal-
ogue converter circuit of Fig. 36.

Referring to Fig. 35, P1 and P2 are the
two ‘odd’ parity bits created using the
‘odd-bit’ parity generators of Fig. 21 in the
January 1981 article. The ‘odd-bit’ parity
checkers produce outputs, PC1 and PC2,

which are both logic 1 if the parity check is,

GO, but logic 0 if the parity check is NO-
GO. PC1 and PC2 are passed to the circuit
of Fig. 37 to control the transfer of anal-
ogue data to the appropriate analogue out-
put channel.

Figure 36 is the circuit of the digital-to-
analogue convetter circuit using the Ana-
logic 10-bit d-to-a converter i.c.,
AD561K. As shown, the circuit produces
an analogue output in the range + 5 V for
the full range of ten digital inputs. The
AD561K is the complement of the
AD571K (a-to-d converter) used in the
recording digital electronics and has
similar tolerances of accuracy and tem-
perature sensitivity: the circuit of the digi-
tal-to-analogue converter as shown in Fig.
36 is that recommended by Analogic for a
buffered output. The fixed resistors of 10
ohms and 24 ohms can be replaced by
trimmers of 20 ohms and 50 ohms, respec-
tively, for greater accuracy: with the fixed
values, scale and offset errors are typically
+ 0.1%. If trimmers are used, then the 20
ohm trimmer should be adjusted for 0.000
output volts with the m.s.b. only ON, and
all other bits OFF — the 50 ohm trimmer
should be adjusted to give a reading of —
5.000 volts with all bits OFF. Using the

*Research Department, London Transport
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fixed values, as shown, it is only necessary
to adjust the offset zero of the op-amp to
give 0.000 volts output with the m.s.b.
only ON.

The analogue output from the digital-to-
analogue converter is passed to all six sam-
ple/hold output stages of Fig. 38, only one
of which is switched to its sample mode at
any one time. This is done under the
control of the demultiplexer and sample/-
hold circuitry of Fig. 37, such that the
correct, converted, analogue data is pre-
sented to the appropriate output channel.

In Fig. 37, a divide-by-8 counter, i.c.
type 4022, produces sequential outputs to
enable six two-input And gates in turn.
Synchronized by the (D/C)/72 pulse from
the circuit of Fig. 30, the counter is reset,
via a monostable circuit, as each data
frame is emptied from the temporary sto-
rage buffers. As each 12-bit data word is
latched for conversion from digital to anal-
ogue form, the counter is clocked by the
Latch pulse, enabling the appropriate And
gate. Provided the parity checks, PC1 and
PC2, are GO (at the logic 1 level) the ap-
propriate control output will go to the logic
1 level when the Latch pulse goes negative,

art, which is published out of order with the rest of

triggering the second monostable to
produce a sample/hold pulse. The logic
sequence of the control pulses produced by
the circuit of Fig. 37 was shown in Fig. 10.
The two monostables of Fig. 37 are con-
tained in a dual-monostable i.c., type
4538. Both monostables may be either po-
sitive or negative edge triggered, that
clocked by the (D/C)72 pulse being
postive-edge triggered and that by the
Latch pulse, negative-edge triggered. The
resistor and capacitor values of both mo-
nostables are selected to produce an output
pulse whose duration is equal to five D/C
pulses. The six control outputs from Fig.
37 are passed to the sample/hold output
stages of Fig. 38.

The six sample/hold circuits of Fig. 38

.are constructed from six sample/hold i.cs,

type LF 398, which is the same device as
that used in the input stages of the
recording digital electronics. A sample/
hold circuit is in its sample mode when its
control input (pin 3) is at the logic 1 level
and in the hold mode when it is at logic 0.
The value of the hold capacitor, 0.1 uF,
is chosen for optimum speed of sampling
and minimum droop during ‘hold’. The
diodes connected between the various
control inputs and the 8-way pin connector
are included so that the effective number
of channels used may be reduced from six

Serial data +V.
i/p ha
12
J
J
: i 7
l —n 6
. - 4017
e
- S
]
nc »> b ~— 1
4018 §—
v -
Latch

Fig. 34. 12 bit serial-in/parallel-out shift register and 12 bit latch.
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Fig. 35. ‘Odd-bit’ parity checkers.
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Fig. 36. Digital-to-analogue converter,
gives —5V to +5V swing when all inputs
present.

" to three, two or one. If all six channels are

used, no interconnexions are made be-
tween the eight pins of the 8-way pin
connector. If three channels have been
selected during the recording process then
the analogue inputs to the recording
electronics will have been linked such that
‘channels 1 and 4, 2 and 5 and 3 and 6 are
connected together. On playback, the cor-
responding control lines thus need to be
Ored together, producing analogue out-
puts from channels 1, 2 and 3. This is
achieved by connecting the following pins
of the 8-way pin connector together: 3106,
2to7and 1to8.

Similarly, if two channels have been
selected during the recording process, then
analogue inputs to the ‘recording’ electron-
ics 1,3 and 5 and 2, 4 and 6 will have been
linked together. On playback, control lines
1, 3,and 5 and 2, 4 and 6 thus need to be
Ored together, producing analogue out-
puts from channel 1 and 2, by connecting
pins 2, 4 and 6 and pins 1, 3 and 7 of the 8-
way pin connector together.

If only one channel has been selected
during the recording process then all six
analogue inputs will have been connected
in parallel — all six control lines must be
Ored by connecting pins 1, 2, 3,4, 5 and 6
of the 8-way pin connector together. The
analogue output will be from channel 1.
All the electronics of the demultiplexer, d-
to-a converter and sample/hold circuits,
etc. are constructed on the final circuit
board, board 7.

This concludes the detailed description
of the digital recording and playback
electronics associated with one track of the
tape-recorder.
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Fig. 38. Sample/hold analogue output stages, controlled by circuit of Fig. 37.

Track 2 synchronizing electronics
For simplicity of construction, in modular
form, most of the digital electronics of the
second track of the tape-recorder is a
duplicate of the first. This leads to some
redundancy of circuitry, but considerably
reduces the amount of labour necessary in
designing new board layouts and in the
problems associated with inter-board
connexions.

In the recording electronics, the input
stages comprising the circuits of block cir-

cuit diagram, Fig. 4 are duplicated.
Similarly it is' necessary to duplicate the
two temporary storage buffers and Miller
encoder of the block circuit diagram of
Fig. 2. However it is not necessary to
duplicate the control circuitry: the same
control circuitry used in the recording
stages of the track 1 electronics could be
used to control the flow of serial data into
and out of the temporary storage buffers of
the track 2 electronics. For the reasons
outlined at the beginning of this section



‘this was not in fact done, and the only
‘components omitted from the detailed cir-
cuit of the control circuitry of Fig. 13 (a) in
the track 2 electronics are the crystal oscil-
lator and the D-type flip-flop producing
the Reset pulse. For perfect synchroniza-
tion of the track 2 electronics to the track 1
electronics, the crystal oscillator output
and the Reset pulse from the control cir-
cuitry of track 1 are passed to the track 2
control circuitry. .

Board 3 of the track 1 recording
electronics contain the reference frequency
generator for the tape-recorder’s speed
control system (see Fig. 23), in addition to
the Miller encoder circuit. There is no
need to duplicate the reference-frequency
generator circuit, because the speed-
control circuit of the tape-recorder needs
only to be synchronized to the recovered
tape-clock of one track.

Coming now to the playback electronics,

ATofp from track 1

oh from o]
+80 50 {C

+V
B*10/p from track 1 ‘é;ﬂx

E To R of B+
¥ r—ae

oh from
+72

Fig. 39. Sync. circuitry to synchronize ‘track
2'to ‘track 1°.

it is necessary to duplicate all the circuitry
associated with board 4. i.e. the peak de-
tector, Miller decoder and clock-recovery
circuit. Because of the wow and flutter
content of the data and the relative tape
skew between tracks, it is essential to
produce a recovered tape-clock for each
recording track used.

Referring to the playback control cir-
cuitry of Fig. 30, it is necessary to
duplicate most of it. However, the divide-
by-72 counter need not be duplicated:.
neither need the B divide-by-4 counter,
but is done so for convenience. To ensure
that the replayed data from both tracks|is
in perfect synchronization, it is essential

that the two divide-by-4 counters, A and

B, of each track are synchronized. The
problem of synchronising the two A di-
vide-by-4 counters is that they are clocked
by two different recovered tape-clocks,
divided by eighty, and that they must be
allowed to contain the wow and flutter
content of each track’s tape-clock.

This problem is overcome using the cir-
cuits of Fig. 39, the logic sequence of
pulses produced by one of these circuits of
Fig. 39 is shown in Fig. 40. (Both circuits

operate on the same principle and

therefore it is necessary only to describe
one.) The problem of wow and flutter be-
tween the two tracks will only cause one of

‘the A divide-by-4 counters to be clocked

slightly ahead or behind the other and it is
unlikely that this timing error will extend
beyond one RT/C cycle. When one of the
divide-by-80 counters is half way through
its cycle, both. A divide-by-4 counters
should be in the same state and a synchro-
nizing pulse produced at this time will
ensure that this is so. The synchronizing
‘circuits of Fig. 39 are constructed on board
5 of the track 2 electronics and all pulse
sequences referred to belong to track 2
unless otherwise stated. Using an inverting
buffer (1/4 of quad 2 i/p Nand, i.c. type
4011), the negative edge of the divide-by-

olp from +8 .
olp from monostable

pdax LTNEE
Al ofp from track 1
Amono
|

Resultant sync reset

pulsé to R of A(+4)

Fig. 40. Sequence of pulses in sync. circuit
of Fig. 39.

80 counter’s output pulse produces a
short-duration positive pulse via the mo-
nostable constructed of the 15 nF capaci-
tor, 10kQ) resistor and silicon diode. This

. is Nanded with the Al output from the

track 1 electronics to produce a short nega-
tive synchronizing pulse as shown in Fig.
40. This is Anded (negative Ored) with the
Q output from DI and fed to the reset

input, R, of the A divide-by-4 counter. -

The B divide-by-4 counter of the track 2
electronics is synchronized in an exactly

* similar manner using the B output from

the track 1 electronics. All the rest of the
track 2 electronics is an exact duplicate of
boards 6 and 7 of the track 1 electronics.

This digital, multi-track tape-recorder was
designed and developed by the A. ]J. Ewins
in the Research Laboratories of London
‘Transport. Inquiries into its practical ap-
plication and usefulness will be welcomed
by the head of the research laboratories'

" and should be addressed to: The Scientific

Adviser, L.T.E. Research Laboratories,
566 High Road, Chiswick, W4 5RR; O

Reference 1. Digital data recording withoht
f.s.k. by Brian T. Evans, Wireless World, April
1979

Continued from page 51

automatically set after switch-on. This re-
ceiver design was chosen as a good com-
promise between the complex and more
costly professional receivers and the simple
phase-locked loop -or r.f. i.c. designs
which, due to the special interference
problems, do not operate satisfactorily at
v.L.f. without careful positioning of the

aerial. Provided that care is taken with

construction and alignment, this receiver
will provide good performance in most
conditions and at long range.

The 3dB bandwidth of the tuned circuit
is about 300Hz, so if a signal generator is
used it must be set to 60k + 30Hz. Short
the receiver input at the aerial terminals
and adjust the potentiometer for 4V at the
output of ICi. Remove the short, set the
aerial trimmer capacitor to the mid point,
and position the aerial coil so that the
centre is about 65mm from the centre of
the ferrite rod. Adjust the tuning core of
the transformer for maximum output at

Sell e

IC4, ensuring that a true reading is
achieved by tuning well through the maxi-
mum and back again. With eccentric ad-
justers, two or even three smaller peaks
can be encountered. Carefully slide the
aerial coil along the ferrite rod to maximize
the output at IC4 (usually around 1.35V)
and secure the coil with melted wax.
Finally, peak the tuning with the trimmer
capacitor and recheck the adjustment of
the transformer. . ;

When correctly tuned to 60kHz the re-

“ceiver produces regular inverted pulses at

the output. Resistor 9 has been included to
disable the a.g.c. loop and is normally left
disconnected as shown. When the clock
has been assembled and the receiver

aligned, feed the receiver output to pin 15

of the v.i.a. and check that a 1Hz output is
produced at pin 14. If no output is present,
test the receiver output, check that the
supply voltage is present on all i.cs and
check that the oscillator is operating cor-

rectly. Connect the display board and
check that the correct time is loaded into
the registers. This may take two or three
minutes after switch-on, depending on
where in the code the processor starts to
operate. When the correct time appears,

select the date display by switching pin 10

of the v.i.a. to 0V. The remaining pins on
the control port have been provided for
future expansion to select and control
other functions: If sporadic operation
‘occurs check that the aerial is not in the
signal-null position (axis pointing to the
transmitter) and check for sources of local
interference such as television receivers,
lamp dimmers and noisy fluorescent tube
fittings. 0
A kit of parts for the clock is available from

Circuit Services, 6 Elmbridge Drive, Ruislip,

Middx (telephone 71 76962). Copies of the
object code listing are obtainable from the
editorial office, in return for a stamped enve-

. lope.
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Explore ,'” WM

@ Fully programmable high

* resolution (192x248
pixels).

@ Video page is both memory
and bit mapped.

@ Video page can be located
anywhere in the RAM.

@ The number of video pages

is limited only by your RAM
y Size (each page occupies
) about 6.5K RAM) and
pages can overlap.

@ Instant inverse video.

@ Switching inverse video on and

off gives flushing characters/numerals etc.

@ Video pages can be @ Access to video page is

superimposed by similar to plot and unplot

software switching. commands in BASIC.

The pack comes in an elegant aluminium case, anodised black and

styled to fit onto the back of the ZX81, allowing more add-ons (Memopak

RAM, Sinclair printer, etc) to be connected without a further power supply.

Itcontains a 2K EPROM monitor, holding a full range of graphics subroutines which

can be called by the BASIC USR function or by machine code.

' )

Memopak 16K Memory Extension

Itis a fact thatthe ZX81 has revolutionised home computing and coupled with the new

Memopak 16K it gives you a massive 16K of Directly Addressable RAM, which is neither

switched-nor paged. With the-addition of the Memopak 16K your ZX81's enlarged

memory capacity will enable it to execute longer and more sophisticated programs, and to

hold an extended database.

The 16K and 64K Memopaks come in attractive custom-designed and engineered cases

which fit snugly on to the back of the ZX81 giving firm, wobble-free connections. )
-9

Memopak 64K Memory Extension

The 64K Memopak is a pack which extends the memory of the ZX81 by a further 56K, and
together with the ZX81 gives a full 84K, which is neither switched nor paged, and is
directly addressable. The unit is user transparent and accepts BASIC commands such as
10 DIM A(S000).

BREAKDOWN OF MEMORY AREAS

0-8K. . . Sinclair ROM 8-16K . . . This section of memory switches in or out in 4K blocks
to leave space for memory mapping, holds its contents during cassette loads, allows
communication between programmes, and can be used to run assembly language
routines. 16—32K . . . This area can be used for BASIC programmes and assembly
language routines. 32-64K . . . 32K of RAM memory for BASIC variables and large arrays.
With the Memopak 64K extension the ZX81 is transformed into a powerful computer,
suitable for business, leisure and educational use, at a fraction of the cost of comparable

. systems. . J

Unique
3 month
trade-in offer!

For your future needs, we'll
allow you £10 against your
purchase of our 64K model if:
you return your 16K pack within 3
months of receipt;
you supply evidence of purchase;
your 16K model is received by us
undamaged and unopened.

*We reserve the right to reject, for discounting purposes, units
which have been either opened or darnaged in any way. X

. coming SO00Mii. conmooharcs [ Please make Please send me a2 Price No _ Total |
cheques payableto  [6K RAM @ £26.00 + £3.90 VAT | £29.90 )
MEMOTECH Ltd.
" 64K RAM @ £68.69 + £10.31 VAT £79.00
ease Debit my i
. ; o . : I Access/Barclaycard* HRG @.£52.00 + £7.80 VAT . £59.80 : |
complete range of ZX81 plug-in peripherals account number Packaging & Postage @ £2.00 per unit
Centronics Interface & Software Drivers I I E TOTAL ENC n
Digitising Tablet RS$232 Intetface e A d ] *Please delete whichever does not apply l
We regret we are as yet unable to accept SIGNATURE DATE
orders or enquiries concerning the above
products, but we'll let you know as soon REAT2 : ADDRESS
as they become available. TELEPHONE ,

© R. Branton & G.A.C. Boyd 1982 S . . S —— — — —— SE —— S—— e —— — — ——

We want to b.e sure you are satisfied with your Memopak — so we offer a 14-day money back Guarantee on all our products.
Memotech Limited, 3 Collins Street, Oxford OX4 1XL, England Tel: Oxford (0865) 722102 Telex: 837220 Orchid G
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THE QUAD FM4; SEVEN PRESET STATIONS; STORED AND RECALLED UNDER THE CONTROL OF A
DEDICATED MICROPROCESSOR, WITH A LEVEL OF AUDIO PERFORMANCE LIMITED ONLY BY THE QUALITY OF
THE INCOMING SIGNAL. DECEPTIVELY SIMPLE AND ORIGINAL, AS ONE WOULD EXPECT FROM QUAD.

?c\ Nt Ot
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Simply write or phone for more information to
The Acoustical Manufacturing Co. Ltd, Huntingdon, Cambs. PE18 7DB. Telephone: (0480) 52561.

QUAD %

for the closest approach
to the original sound

WW - 018 FOR FURTHER DETAILS
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POWER TRANSISTOR
FAILURE

This is in reply to your letter about transistor
failures in your power amplifier, published in
Wireless World, May 1982, page 60.

The most likely cause of the failures you des-
cribe is secondary breakdown of the power tran-
sistors, probably during the turn-off transient,
during the fall time of collector current and rise
time of collector voltage. An aggravating factor
might be unequal sharing of collector current
between the two paralleled transistors during
‘the turn-off transient. That would cause the
already-severe stress to be increased, on
whichever of the paralleled transistors has the
dubious privilege of carrying the larger fraction

“of the unequally shared load current. (Espe-

cially onerous is the case of large difference in
turn-off times. In that case, the transistor which
turns off later has the privilege of carrying all of

the load current, instead of half of it, during the

most stressful part of the cycle of operation.)

See the Motorola data sheet for the 2N6547,
Fig. 13. That shows the allowed instantaneous
combination of voltage and current. If the tran-
sistor operation falls outside of the lower-left
boxed-in area, even momentarily, the transistor
might be destroyed. Typcially, the symptom is a
collector-emitter short-circuit. In especially
severe cases, the emitter bonding wire might be
melted open, so you might have to de-lid the
transistor to make contact to the emitter bond-
ing pad. Is that the symptom you see?

Another thought: you mention rise and fall
times typically being Sus; that seems to be sur-
prisingly slow, and such slow switching would
‘aggravate the stress on the transistors.

‘Nathan O. Sokal
Design Automation, Inc.
Lexington
Massachussets

NETWORKING SMALL
COMPUTERS

1 have recently read an article, very similar to

that by P. G: Barker in the May issue, in the -

Commodore PET User Group Newsletter
(CPUCN). It seems that, put simply, a couple-of
programs are presented which convert text files
into internal format files. Programs of this type

“have been widely published for some time and

are also known as merge programs for which
they are usually used. The best known is the
‘Templeton’ merge — a one line set of immedi-
ate-mode instructions for pre-opened cassette
files. It does not suffer from the major disadvan-
tage of Dr Barker’s program. I have written a
short (121 bytes) merge program for either cas-
sette or memory-based text data, from which
cassette files must have originated, but found
that the Templeton merge made it redundant.
Unfortunately, a number of practical commu-
nication problems were not touched on in the
article.

Stephen H. Binns, Ph.D., GBEWX

Sproatley, . .

Hull

The author replies:

I think Dr Binns has missed the point of my
article which was to show (a) the feasibility of
transferring programs via the public switched
network, (b) the conversion problems likely to
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be encountered in target machines, and (c) the
relative speeds of tape and disc loading. The
existence of his loader, the ‘Templeton’ merge
or any other loading technique is totally irrele-
vant unless they can be shown to be substan-
tially faster than the code which I presented.
Code compactness is not necessarily a question
at issue in this particular case since the 3000
series PET has a 12K memory expansion area
that could be used to accommodate programs
such as mine which may be a little larger than
121 bytes. As your correspondent will appre-
ciate there is likely to be a multitude of ap-
proaches to the conversion problem. I do not
claim that there is any novelty involved in the
logic underlying the algorithms I have employed
— but again, this was not the point of the arti-
cle, which was: program transfer via the PSN.
The similar article to which Dr Binns referred
is one which I wrote called ‘Computer Networks
and Program Distribution’. It is an ‘unofficial’
newsletter of the PET users’ group which has
now ceased circulation. The article that was
published in WW was a re-written abstracted
version of the item that appeared in CPUCN.

MICROCHIPS AND
MEGADEATHS

It was interesting to read Steve Coleman’s letter
in April’s Wireless World, asserting that other
correspondents were “wrong to imagine that
refusal to fight in wars will avert their
occurrence”.

The two world wars of the century were the
first (and may be the last) in which it could be
reasonably asserted that “we are all fighters
now” soldiers, sailors, airmen (airpersons?),
farmworkers, factory workers, transport
workers, miners, journalists, doctors, nurses —
clergymen! — even some politicians!

To refuse to fight means to refuse to design,
make, provide, transport, service, organize and
use materials of war. More than that, it means to
reject violence itself as acceptable human behav-
iour (some training in semantics is necessary in
order to winkle out every form of violence —

possibly only two or three human beings have

managed it to date, but millions have come so
near that we know what it is like).

To refuse to fight in this sense (what other
sense is there?) is the highest form of political
action. When people really care enough about
each other — and all creation — problems
dissolve, appropriate action is taken in every
situation (remember semantics!) and the
kingdom of heaven is revealed — as it always
has been and always will be, in patches, in every
place, in every day. Experto crede!

Ronald Gill
Allestree
Derby

INTENTIONAL LOGIC
SYMBOLS

The protracted and confused correspondence

_started by Tony Cassera’s article (WW No-

vember 1980) goes to prove the inadequacies of
the new system of logic circuit symbols which
has so undeservedly supplanted the old.

Mr. J. E. Kennaugh (Letters October 1981)
has even gone part of the way towards reinvent-

ing the old system of logic gate symbols. I first .

met that system (Fig. 1) on joining an Admiralty

e e T e S
Fig 1 od | New
OR gate 85)_ 3>_
N~
Quorum ]
gate ﬁ— { Lacking)
AND gate 85)_ 3}.
%‘g:ﬂf { Lacking) 3D

. equipment design team in 1959. All gates were
represented by circles, and bistables and coun-
ters by rectangles, whereas the D symbol now
used for And gates then indicated a delay cir-
cuit, a monostable being drawn as a delay with a
feedback loop. Connexions could be drawn to
the gates from any direction and the inputs were
distinguished by arrow-heads. g

These older symbols had to have the greater
flexibility to meet the versatility of the usually
customized circuitry, most of which was derived
from a famous light blue booklet on r.t.1. widely
esteemed until several well-advanced design
teams began to run into the same fundamental
large-system snags simultaneously.

An inhibit could be introduced by adding a

~ single resistor to the base of the second tran-

sistor in any of these gates, and this was indi-
cated by a stroke through the symbol as in Fig.
2 which illustrated how an exclusive-Or gate
might have been achieved in the old logic if
anyone had ever called for such a circuit in those
- days — the earliest Ex-Or gate I ever saw was on
page 88 of Electronic Design No. 26, dated
November 22, 1966.

et 2
O—

Fig 2

e

Why the Quorum gate has lapsed from favour
has long puzzled me, especially those types in
which the inputs could be weighted to give all
sorts of weird truth tables; however, a lecturer
in the American Institute has assured me that
they are still used in some places where they are
known as voting circuits. y

There was but one polarity of (cheap) tran-
sistor available in those happy days so that no-
body ever had cause to mix-up all the And and
Or gates by turning the logic polarity upside-
down. :

John C. Rudge
Harlington
Middlesex

* In the debate about Nand and Nor gates, and

_their relationship to other gates, ] E Kennaugh
(Letters, May 82) seems to imply that Nand and

- ' Nor gates only predominate in ‘practical logic’.

59



LETTERS

In what might be termed ‘theoretical logic’,
Pierce’s ‘dagger’ () ) and Sheffer’s ‘stroke’ (|)
have both been put forward as candidates for the
basic logical connective, from which all other
connectives can be derived. (The dagger is equi-
valent to Nand, and the stroke is equivalent to
Nor.) Bertrand Russell in the second edition of
‘Principia Mathematica’ actually suggested the
exclusive use of the Sheffer stroke (i.e. Nor) in
mathematical logic.

It is worth remembering that (A Nand A) is
equivalent to (A Nor A) is equivalent to (Not
A), so in theory we do not even need the nega-
tor.

G. J. Boris AHan
Stockport
Cheshire

ARMS AND THE MAN

I am writing to support your editorial ‘Arms and
the Man’ in the May issue. The electronics in-
dustry employs about 60-70% of its engineers in
the ‘defence’ of the developed world, whose
only task is to provide large profits for the com-
panies concerned and to make weapons of mass
murder, while a Jarge part of the developing
world is struggling to find enough food to eat.
There are alternatives to working to kill
people, as shown by the example of the efforts
of the Lucas Aerospace Combine Shop Stewards
Committee. Instead of providing the means for
our own destruction, the electronics industry

has the ability to provide safe and efficient tools

for a caring society. If the only alternative to
military work is unemployment, do as others are
doing — start a cottage industry.

William Sigmund

Omega Systems

Trebullett,

Launceston,

Cornwall

CAR IGNITION
SYSTEMS

Referting to the article by Rod Cooper in the
March issue of Wireless World, in which he des-
cribed a capacitive discharge ignition system, I
should like to draw the attention of readers to
the problems encountered on many modern cars
‘when using this type of system.

Vehicle manufacturers designing cars for the
European market are under increasing pressure
to improve fuel economy and, unlike the Ameri-
‘can and Japanese markets, they are not faced in
Europe with particularly stringent exhaust
emission regulations. Sophisticated air-to-fuel
ratio control systems have, therefore, to be justi-
fied solely on improved fuel economy and not
on the grounds of complying with emissions
legislation and so it is that the low cost of the
carburettor remains a compelling attraction.

Considering its relative simplicity the catbu-
rettor does a remarkably good job of controlling
the air: fuel ratio, but compromises have to be
made and with increasing pressure for improved
economy the designers walk the tight rope of the
borderline between maximum economy and flat
spots. More and more the compromise is being
chosen in favour of economy at the expense of
flat spots and excessively lean ratios are
tolerated under certain operating conditions
where the effect, it is hoped, will not be too
noticeable. :

It is under these conditions, however, that
spark energy and spark duration are critical,
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and substituting a capacitive discharge system
for an inductive system runs the gauntlet of
partial misfire, particularly on light throttle and
under transient conditions or during warm up.
This is not merely a theoretical consideration
but a practical fact of life experienced unfortun-
ately by all too many owners of capacitive
discharge systems.

There are undoubtedly advantages in a capa-
citive discharge system but nowadays these can
best be realised by using a “reactive” combina-
tion of inductive and capacitive systems to give
you the best of both worlds.

A.P. M. Bull
Director
Eda-Sparkrite Ltd.

The author replies:

The observant owner of a car of recent manufac-
ture cannot have failed to notice a relatively new
addition to the. carburettor — tamper-proof
seals fitted to the fuel/air mixture controls.

These seals are fitted at the factory as a direct
result of the Dept. of Environment’s Vehicle
Emission Regulations (available at H.M.S.O. at
£2.50). To comply with'the regulations it is
necessary to use an exhaust gas analyser as the
old methods of trial and error are no longer good
enough.

This does not leave the engine designer much
latitude for running the engine on weakened
fuel/air mixtures and he no longer has the free
hand that Mr Bull suggests he has in designing
for economy of fuel at the expense of pollution,
although as pointed out, our regulations are not
as strict as America’s or Japan’s are . . .
yet. .
Now, the circuit described 1n my article has
been tried on several cars of recent origin which
are fitted with the tamper-proof carburettor and
they have all worked perfectly well.

I suggest that the misfiring experienced with
some types of electronic ignition is to be found
on cars of the pre-tamper-proof era whose
owners have “tweaked” the carburettor to give
an excessively lean fuel/air mixture in the
misguided belief that this is the best way to fuel
economy. Also, the interference effects des-
cribed in the article play a large part in such
misfiring even on correctly-set fuel/air mixtures;
and there is always the problem of matching the
electronics to the ignition coil, which can give
similar effects if there is a mismatch.

When correctly designed and used, there is
nothing wrong in principle or practice with the
capacitor-discharge ignition system, and it is
particularly suitable for the relatively low-per-
formance 4-cylinder family saloon which my
design was intended for, because it is inexpen-
sive, and this cannot be said for some commer-
cial systems.

THE RIGHT FORMULA

I have been reading with considerable fascina-
tion the various controvetsies about basic theory

in your letters pages. ‘Death of Electric Cur-

rent’, ‘Einstein was Wrong’ and ‘Electromag-
netic Units’, to name but three.

~ No one seems to acknowledge the fact that all
such ‘theories’ are purely human artifacts, de-.
signed to make predictions of the way things
work! Such equations, when it comes down to
it, have to obey one rule — do they give sensible
answers, given the measuring techniques open
to the one wishing to design a piece of appara-
tus.

We use ohms, volts, amps and unit of charge,
not because such units would mean anything to
a scientist from, say, Betelgeuse, but so that we
can tell what will happen if changes are made.
But any working (hands-on) engineer will tell
you that even the simplest of devices can display
some very odd behaviour! The trick is to use the
‘right’ formula! Ask any engineer if he can name
a single text-book which will invariably give the
correct answers to whatever he needs to know! I
can’t, and I doubt if any can — no matter how
‘simple’ his needs!

Does Mr Catt find his theories enable him to
do better design work? I very much doubt it! In
my expetience of designers, all have ‘private’
data notebooks without which their jobs would
collapse. So whilst arguments about units are
interesting, no final formulae can or ever will
exist. So far as Einstein is concerned the whole
thing hinges upon whether any object with mass
can move at a relative speed (to that of the
universe) greater than the velocity of pho-
tons. The answer is less clearcut than physic-
ists would have us believe. Indeed, at this very
moment I am informed that certain objects have
been observed by astronomers that may be
moving faster than lightwaves. Information is
scanty and I have no references I can quote.

Incidentally, if atomic particles moving near
the speed C do get heavier, how come wires
don’t weigh heavier when current flows? (Yes
— I know the “peas in a drainpipe’ analogy, but
a moment’s thought will disclose that whilst the
electrons may not move very far, they have to
have peak speeds approaching C when they ‘bo-
unce’, for the impulse cannot move faster than
the peak speed of the ‘peas’ —-ask Steve Davis!)
Ronald G. Young
Peacehaven
East Sussex

CITIZENS’ BAND

I wish to support the views of S. Frost in the
March issue about the “arrogance and lethargy
of civil servants who have neglected their duty
to serve the people who pay them”. This
criticism may be applied equally to ‘our obe-
dient servants’ in both national and local gov-
ernments. i
Part of the problem lies in the historical con-
ditioning which says that ‘we’ are only

+ permitted to do what is not forbidden by ‘them’.

Fortunately for the future of freedom, young
people are less inclined to accept this limitation
— at least until they have themselves become
part of the establishment.

The fact is, of course, that we are free to do
what we like unless forbidden by law; but, if we
have retained our flexible intelligence and not
been deeply distressed by oppressive social con-
ditioning, we will not regard the law as our
criterion of reasonable behaviour. The law is
after all, the lowest common denominator of
acceptable behaviour, not the highest.

Peter Hartley, in his penetrating article
“Educating Engineers” in December WW has
neatly sewn up all the loose ends of your never-
ending correspondence about responsibility,
currently running under the heading
“Microchips and Megadeaths”. But surely his
article should be called “Educating Human Be-
ings”. In the sense in which he uses the word,
we are all professionals now.

R. Gill
Allestree
Derby
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In my letter about CB in the March issue certain

words were transposed; and this makes it very

difficult to understand the sentence in question.
The second sentence of paragraph 6 should

read as follows; “If the people have a legitimate

demand of government, and government fails to

do its duty to meet that demand, the people will

take the law into their own hands . . .”’

S. Frost,

Edinburgh.

‘As the secretary of a local ¢.b. club, I would like
to offer my personal views on the letter from Mr
Frost in Wireless World, March 1982.

His most disagreeable point is where he

quoted someone as saying that ¢.b. was (pre-
sumably before legalization) a symbol of ‘young
revolt’. The long-term c.b. pirates known to,
myself were operating their equipment for noth-
ing more than the enjoyment of talking to like-
minded enthusiasts and forming new friends
with common interests. Politics has never en-
tered into it.

_ Another aspect of this view is that c.b. users
are much of a sameness and young whereas in
practice a good proportion of breakers were and
are such as lorry drivers, company reps and
radio amateurs (RSGB take note), with a few
policemen and similar adults in responsible
positions thrown in for good measure. There
were and are also a good many youngsters about
for whom c.b. is really only a toy, a passing
novelty, but again there is no political motive.

Mr Frost’s political comment about people
reacting against improper democracy is prob-
ably quite true, witness Poland, but hardly rele-
vant and out of place in a journal of this
standing.

It was not realistic to blame officials for not
granting ¢.b. when it was first asked for and
then going on to imply that legal f.m. was a
political move without any technical merit. We
are to suppose then that the existing users of
27MHz allocations should have instantly re-
quipped and moved to other frequencies and
that this would not have counted as a problem.
The Home Office are to be blamed for hoping
that ¢.b. would disappear if it was ignored,
probably egged on by RSGB stalwarts. They are
still to be blamed for not taking a positive lead
and maybe a little enthusiasm to the problems of
legal c.b., like channel usage (9, 14 and 19 in
particular) and official guidelines to the use and
operating procedure of ¢.b. It is probably asking
too much for the H.O. to liaise with and recog-
nise the usefulness of c.b. clubs like ours.

As far as the legal system is concerned,
breakers in my area (which is next to ‘The Re-
public of Barnsley’) have taken to it very well
and are pleasantly surprised by the technical
quality with very little activity remaining on the
old a.m. channels. Incidently, this area is far
enough away from hospital paging systems,
etc., for it to ever have been troublesome in this
way on a.m.

For those who think that c.b. is fading fast, I
would like to point out that at the time of
writing (February), membership of my club is
increasing at about four new members at each
‘eyeball’. That’s about 120 so far in a small
township.

In conclusion, I would like to say that I see
Mr Frost’s letter as trying to entice c.b. enthu-
siasts to follow his political views rather than
make any serious point.

]. Briggs,
Secretary GCBC,
Penistone.
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‘I was initially surprised that so much space was
allocated in the Wireless World, (Letters,
March, 1982), to the petulant, semi-political

-diatribe about c.b. by S. Frost of Edinburgh.

Whatever the merits or otherwise of c.b. itself
and of the arguments concerning channel alloca-
tions, modulation methods, etc., this kind of
emotive rubbish clearly has no place in a sup-
posedly technical journal. However, I then read
the leader article in the same issue. In the penul-
timate paragraph the remark “ . . . when the
present government is but a bad memory” . . .
gave the game away! When an editor allows his
political prejudice to intrude into his production
of a technical magazine, then I suppose we must
expect an increasing contamination of - its
contents by half-baked political propaganda.
What a pity that Wireless World does not stick
to its proper function, i.e., technical informa-
tion; we can all get enough of the other thing
from any of the vast range of politically biased
media.
M. G. T. Hewlett,
Midhurst,
W. Sussex.

WHAT HAPPENED TO
THE PANADAPTER?

I have taken your magazine for about 37 years,
during which time I have been a Merchant Navy
Radio officer, and more recently proprietor of a
small electronics shop.

Over the years I have seen a wealth of design
circuitry in Wireless World, relating to Audio
amplifiers, Audio pre amplifiers, power
supplies, microprocessors, etc, etc.

However I would respectfully submit that
designs for test equipment seem to be somewhat
thin on the ground. Also designs for HF com-
munications receiving equipment.

As an ex radio amateur (GM3GYB) I lament
the fact that the vast majority of modern ama-
teurs no longer build equipment; perhaps the
shortage of modern design material is one
reason?

As you will know, spectrum analysers even
second hand, cost thousands of pounds. You
will also remember the end of WW2 saw the
release of some American surplus ‘panadaptors’
for connecting to the mixer stages of receivers,
to display a segment of the RF band on a CRT.
These I believe had inputs of 455kHz, and
30MHz is another model.

You will apreciate that there is some marked
similarity between panadapters, and spectrum
analysers.

Having designed and built two valve pana-
dapters about 18 years ago, for my own use, I
can vouch for their usefulness in searching a
specific band for instant visual location of sig-
nals.

In view of the cost of second hand spectrum
analysers, and the lack of commercial panadapt-
ers (Heathkit made one years ago) I wonder if it
would not be an interesting and challenging
project for one of your design contributors to
come up with a modern solid state unit using
varicaps etc, that could double as both a simple
low cost spectrum analyser for test purposes,
and also a practical Panadapter suitable for at
least several I.F. inputs as used on modern HF
amateur communications receivers — such as
the Yaesu FRG7 FRG7700 and Trio R1000 etc.

Such a low cost design would appeal to both

test engineers and communications people, as at
present, the cost of such equipment is placing it
completely outside anywhere but the laborato-
ries of large companies, and government estab-’
lishments, etc. ' c

Martin S. Lebbon,

Harrogate,

Yorkshire

DATA RECORDING ON
AUDIO CASSETTE

I read with interest the article entitled “Data
Recording on Audio Cassette” by P. Smith and
P. 1. Zorkoczy in your February issue.
However, two points puzzle me. Firstly, the
coder circuit as drawn is unlikely to work re-
liably, since the output of IC; has an undefined
phase relationship with the data input to the
‘coder. As a consequence, the coder output is
likely to adopt an assymmetrical mark-space
ratio, dependent on the switch-on state of the
counter IC;. To remedy this problem, the data
should be re-synchronized to the counter output
by means of a clocked flip-flop.

Secondly, the authors state that the voltage
induced in the playback head is proportional to
the rate of change of the recorded waveform,
and yet that the associated 90° phase shift would
not normally be expected with such a frequency
response. Unless prolonged exposure to
microprocessors has affected my understanding
of circuit theory, that is precisely the phase shift
one does expect to see, the head acting as an
ideal differentiator in the mid-band. This phase
lead should be accurately compensated by the
90° lag in the equalization circuit, to yield an
overall flat response in frequency and phase.

While I am no expert on transducers, I sus-
pect that the region in which the head phase
response differs from the amplitude correction
circuitry is at those frequencies where the head
response ceases to match the 6dB/octave rise
due to losses.

P. G. Hinch
‘Stockport
Cheshire

The author replies:

Let me first assure Mr Hinch that the coder
circuit as described does work reliably and does
not suffer from the asymmetry of “mark-space
ratio” you describe. The coded output at Q of
IC () is symmetrical because the clock input to
IC ) from™Q; of IC ; is a symmetrical wave-
form. By adding a flip-flop as you suggest we
wotld be doing the same job twice.

The 6 dB/octave rise in playback voltage with
frequency at frequencies below which losses
take effect is characteristic of the ubiquitous
first order highpass filter. The phase response is
however not that which is associated with such a
filter. Over this frequency range the amplitude
equalization filter is in essence a first-order,
low-pass filter, giving a fall of 6 dB/ocatave to
provide an overall flat amplitude response. The
phase response of any such low-pass filter. de-

pends upon frequency:

Phase = - arctan fIf; where fHz is frequency,
;and fy Hz is corner frequency of filter. .
The phase response of this filter is therefore not
the constant -90° that you assume. The ampli-
tude equalization filter does give an overall flat
amplitude response but not phase linearity.
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SYMMETRICAL
OUTPUT DIVIDERS

The symmetrical output dividers described by
Gerard Girolami and Philippe Bamberger are
based on a very ingenious principle — inverting
the clock input for half the count. It is a pity
that they then use such awkward techniques to
design their dividers.

L Fig 1

J Q ~—= Qut

Ine—— =N

Figure 1, as shown above, is a +2n circuit .

with symmetrical output — this is trivial. By
using the output to invert the clock input, a (2n-
1) circuit is produced. Using this principle, Fig.
2 shows a programmable divider which can be
extended 4 bits at a time by simply cascading
74168 counters in a standard configuration.
Using decade counters producers the b.c.d. ver-
sion of Fig. 3. An extra data selector is required
to make the least significant 4 bit counter divide
by 5 rather than 10, so that the correct weight-
ings are achieved for the inputs.

These two circuits give a much’ more easily
extended and general solution than the ones
described in the article. They require lower.
device counts and only need one device rather
than two — for each 4 bits added since they
eliminate the need for binary comparations. In
addition, the binary version gives one extra bit
of binary input. Note that for a divide ratio of n,
the binary (or b.c.d.) inputs must be set to n-1.
For most applications this does not matter, as
the input circuitry can be adjusted accordingly,
e.g. by simple relabelling a switch or, in the
cause of microprocessor control, by software. If
absolutely necessary, 7485 adders can be used to
add “all ones” to the inputs, which is equivalent
to subtracting 1 in two’s complement arith-
metic.

Philip Nye
Edinburgh

'LAWS OF MOTION

In his letter of November 1980 Mr Walton won-
dered how far back the principle of inertia goes,
and he suggested that Galileo might have
thought of it before Newton. In fact, since the
fossil record shows that modern man is at least
.100,000 years old, the laws of motion must have
been thought of thousands of years ago, but the
geniuses of those days had no writing with
which to express themselves.

As far as modern times are concerned (and we

can say that modern times began about 10,000
years ago), there are a couple of references on
the subject which may be of interest.

* Galileo died in 1642 and Newton’s laws of

motion were published in 1687, but here is what
Thomas Hobbes said in 1651:

“That when a thing lies still, unless somewhat
else stir it, it will lie still for ever, is a truth that
no man doubts of; but that when a thing is in
motion it will eternally be in motion, unless
somewhat else stay it . . .”

And here are the thoughts of the Roman poet
Lucretius in about 50 B.C.:
¢, . . the light and heatof thesun . . . are
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composed of minute atoms which, when they
are shoved off, lose no time in shooting right
across the interspace of air in the direction im-
parted by the shove . . .

A very slight initial impetus far away to the,

rear sufficed to launch them, and they continue
on their course at a velocity proportional to their
lightness.”?

All the three laws seem to be in Lucretius,
even if not very well expressed. There is no
doubt however that he knew that a continuous
force is not necessary. He was aware, in other
words, that a body continues in its state of rest
or uniforrn motion in a straight line unless im-
pressed forced act on it.

Did Newton ever read Lucretius?

S. Frost
Edinburgh

“References

1. Leviathan; chapter 2. (Fontana p.63.)
2. On the Nature of the Universe; Book 4 (Penguin pp
135, 136).

DISC DRIVES
Following the article by J. R. Watkinson in the
March issue, I wish to comment on the concep-

‘tual aspect which makes discs necessary, viz.

that we must have a machine and store
programs in it, either in the spatial sense (enor-
mous memories) or in the temporal sense (disc
drives but enormous programs).

Due to the difficulties we have experienced
with the development of programs for the solu-
tion of engineering problems we were bold
enough to make the suggestion that the flow-
chart must be the beginning and the end of

- software, e.g. will be a package to be calibrated

according to the conditions set by the problem.
This amounts, of course, to assembling the
program before the computer. We hear
sometimes from leaders in engineering that pro-
gramming is a medieval remnant in our tech-
nology, but no alternative was forthcoming. I
think this alternative is implicitly suggested in
the WW editorial of January 1982 and it was as
always so close and so remote to us; nature is
doing programming, therefore the alternative is
but experiment.

By the way we have speculated lately that if
the concept of e-m queues is correct (my letter
in the January 1982 issue of WW) then the
initial troubles experienced in running complex
programs are due to the inertia of particles or
waves in forming queues, therefore this famed
software problem is really a hardware phenome-
non.

G. Xenoulis
Edmonton
Alberta, Canada
[of] ]
> >
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80-100W MOSFET AUDIO

AMPLIFIER

One solution to the problem of low mosfet g, — using the mosfet with bipolar small-
signal devices — was described in the first part of this article. Here, John Linsley Hood
presents an alternative, which is to improve the gain of the voltage-amplifier stage.

‘A considerable amount of development
work has been done over the past decade in
the design of high gain class A amplifier
stages, mainly in the evolution of
integrated circuit operational amplifiers, in
which the design requirements in this
application are high gain, good immunity
from supply line breakthrough, and wide
bandwidth. In addition, some attention
has been paid to cost-effectiveness which,
in discrete component terms, means
the use of active elements to provide the
best performance for the lowest number of
components.

Although this work has been done,
largely, by the designers of i.c. op-amps, it
is profitable for those working on discrete-
component circuitry to look over their
shoulders to see what they are up to.

The Class ‘A’ amplifier stage

It is a fundamental requirement of any
feedback amplifier design that it should be
absolutely and unconditionally stable, and
this requirement applies with as much
force to audio amplifiers of this type as to
closed-loop servo-mechanisms. This
consideration, coupled with the need for
audio-amplifier designs to operate
satisfactorily with a wide range of load
reactances, leads to designs in which there
is a substantial gain or phase margin at the

- unity-gain point on the Bode plot.

This requirement is easy to satisfy in a
single-stage amplifier, of the type shown in
Fig. 6, where it is unlikely that the internal
phase shift, without feedback, will exceed
90° until frequencies are reached at which
the gain is very much less than unity.
However, the stage gain from such an
amplifier will only lie in the range 50-250,
with a conventional resistive collector load.
It is true that gains of several thousand can
be obtained from such a stage if the

e

ov

Fig. 6. Basic single-stage amplifier. At
reasonable collector currents, stage gain is
modest, but phase shift is less than 90° at
frequencies below f;.
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by J. L. Linsley Hood

collector load resistor is replaced by a
constant-current source, as in the ‘Liniac™
configuration? and this figure can be
increased towards the hundred thousand
mark if the amplifier transistor is operated
in cascode with a device such as a junction
fet, to increase its output resistance.
Unfortunately, such high gains are only
obtainable at very low collector currents,
which imply very high output impedances
and a relatively poor h.f. performance,
which would not allow an adequate loop
gain at the upper end of the audio band. -

The use of a two-stage voltage amplifier
gives a much greater degree of design
freedom, and while such an amplifier may
not automatically guarantee, under all load
conditions, that the internal phase shift
does not approach 180° until the open-loop
gain is negligible, the necessary conditions
for an adequate phase margin, at unity
gain, are much easier to contrive in this
type of design than in circuits with more
amplifying stages. For this reason, the
possibilities of two-stage voltage amplifiers
have attracted the attention of many
designers working in the audio and
operational-amplifier fields, where large
amounts of negative feedback are deliber-
ately employed to improve bandwidth,
transient response, and linearity.

Because of the relatively low input
impedance of Tr;, a simple two-stage
amplifier of the type shown in Fig. 7(a)
will not give a gain which is that of a single
stage, squared, but nevertheless a stage
gain in the range 2000-3000 can be
obtained, and this can be increased by a
further factor of ten if a constant-current
source is used as the load for Tr; instead of
the load resistor R,. Moreover, this order
of stage gain can be achieved with collector
currents in Tr, which are high enough to

allow a relatively low output impedance at -

Tr, collector. In practice, the input
transistor will most commonly be replaced
by a long-tailed pair, as in Fig. 7(b), which
reduces the odd harmonic distortion
introduced by the input stage, as shown by
Taylor®*. This arrangement also facilitates
the design of direct-coupled amplifier
systems, in which the long-tailed pair
input cancels the voltage offset otherwise
introduced by Tr. _

Circuit configurations of this type, using
one or other of the arrangements of Fig. 7,
with the constant-current source
sometimes replaced by a bootstrapped load

f

— V(-

Eout

Fig. 7. Much higher gain is obtained from
two-stage circuit at relatively high Tr;.
collector currents. Long-tailed pair input at
(b) reduces odd harmonics.

resistor, formed the bulk of class A gain
stages used in commercial audio amplifiers
up to a few years ago. In these designs, the
output-impedance transformation was
accomplished by a complementary, or
quasi-complementary, compound emitter-
follower pair, using bipolar junction
transistors, and overall negative feedback
would be taken from the output to the
inverting input connexion. With careful
design, circuits of this type give overall
_harmonic distortion figures of 0.01-0.02%,
as measured at 1kHz, and at a few dB
below clipping point. Although the t.h.d.
figures will worsen somewhat at lower
power output levels, the signal-to-noise
ratio of such an amplifier is only some 80-
90dB, which means that the residual
distortion is soon swamped by circuit
noise. a :

The approach has changed somewhat in
the last few years with the marketing of

_amplifiers, mainly. of Japanese origin,

having distortion levels in the 0.002-
0.008% bracket, apparently in an attempt
to obtain more impressive consumer
reviews. In these designs, changes have
been made in both the output stage
biassing arrangements to minimize
crossover discontinuities, and also in the
number and complexity of the preceding

. gain stages. Where the improvement in -
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Fig. 8. Use of current mirror as load for Tr; offsets lower gain of long-tailed pair over single
transistor. Process is repeated at output stage.
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Fig. 9. Symmetrical, push-pull version of Fig. 7(a) circuit, with current-mirror load for Try.

linearity has been made at the expense of -

stability margin, or has led to a less ideal
response to a step function input, the final
result may be less good in the ear of the
listener. Nevertheless, there is one trend
amongst those currently being explored
which is of interest, particularly since it
follows techniques developed earlier for
operational-amplifier integrated circuits,.

and I propose to consider this in greater
detail.

Higher-gain configurations
One of the penalties in the use of a
symmetrical-input long-tailed pair is that

Fig. 10. Two commaercial circuits usin
form of Fig. 9. y

the g, of the input device is halved, with a
consequent reduction in the gain in
comparison with a similar amplifer having
only a single input resistor. This loss of
gain can be minimized by the use of an
asymmetrical input stage, with the
feedback transistor operated at a higher
current than the gain transistor, as in the
earlier design of my own’, provided that
the loss of the inherent d.c. balance is
within tolerable limits.

A better method of avoiding this loss of
gain, and very commonly used in i.c.
operational amplifiers such as the 741, is to
use a current mirror as the load for the
amplifying transistor, with the operating
current being set by the feedback one.
This type of arrangement is shown in Fig.
8, and when used with a constant current
load — normally yet another current
mirror — on the output of Try, will give
stage gains of the 50,000-100,000 range at
low frequencies. Although this approach is
easier to adopt in ‘single-chip’ fabrications,
where the simultaneous fabrication of all
the transistors will ensure identity of the

base-emitter turn-on characteristics

necessary for proper current-mirror
operation, it has also been used in discrete-
component designs.

This circuit employs nine transistors,
and while the actual transistor count. may
be of little moment in an integrated circuit
where the fabrication of active components
presents no difficulty and little extra cost,
it is nevertheless interesting to observe that
a better stage gain can be obtained using:
the arrangement of Fig. 9, which uses one
less transistor. In this circuit, the two-
stage amplifier remains a symmetrical
push-pull version of that shown in 7(a),
but with the current-mirror active load
moved back to the output of the second

‘stage. This particular version of the two-

stage amplifier was used first, so far as [
can discover, in the National
Semiconductors LH0001 low-power
operational amplifier. Low-frequency
small-signal voltage gains of up to 200,000
are possible using this layout.

The good gain and phase characteristics
of this particular circuit arrangement have
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Fig. 11. ‘Double-mirror’ allows high gain,
but with push-pull operation.

attracted the attention of Japanese de-
signers seeking a circuit to provide enough
gain to compensate for the relatively poor
dynamic transfer characteristics of a
simple, complementary-pair, power-mos-
fet source follower. The circuit design of
Fig. 10(a) with emitter resistors in Trs4

helping to minimize Vi, differences, is-

normally simplified to that in Fig. 10(b),
which is recommended by Hitachi for use
with their 28] and 2SK-series complemen-
tary devices.

Because of the low impedance presented
at the collector of Trs (Fig. 10) by the
input to the current-mirror active load,

~ this circuit provides only a ‘single-ended’

output. This restriction may be avoided,
with a further improvement in voltage
gain, if the simple current mirror of Figs 9
and 10 is replaced by the ‘double-mirror’
circuit shown, on its own, in Fig. 11. This
permits an L.f. voltage gain in excess of
500,000, with a balanced push-pull
output, which would be of advantage in
circuits employing identical rather than
complementary output devices. ‘
There is, however, a point which must
be borne in mind in this usage, that in any
straightforward embodiment of this circuit
arrangement, the d.c. output potential at
the collector of only one of the two second
stage amplifier transistors can be
controlled by the use of the internal d.c.
negative feedback path; the output
potential at the collector of the other could
lie-at any point between the +V and —~V
supply limits, which would preclude any
significant undistorted output swing being
obtained from the uncontrolled output.
This difficulty can be removed, however,
by using the output from the uncontrolled
;amplifier to regulate the input current

supplied to the initial long-tailed pair, as -

shown in Fig. 12. This effectively
stabilizes the output potential of this point
as well, and leads to the interesting
possibility of a truly symmetrical, very
‘high-gain stage with antiphase outputs,
both of which can swing within nearly the
total voltage range of the supply.

Power mosfet amplifiers using the
general circuit structure of Fig. 3(b) (Part
1}, and any of the gain blocks of Figs. 9-
12, will give very satisfactory steady-state

t.h.d. and transient (step function)

performance, but there is a fairly
substantial snag in respect. of the output
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stage quiescent current. This is normally
controlled by some circuit arrangement
such as the variable resistance in the
collector circuit of Trg in Fig. 10, which
produces a suitable voltage drop to
maintain an appropriate forward voltage
bias on the output devices, and which may
be adjusted to set the output stage
quiescent current to a suitable value. This
chosen value of forward bias must be
stable, and maintained at the set value
throughout the life of the amplifier, and
affected as little as possible by changes in
ambient temperature, supply line voltages-

or ageing of components.

Current mirrors, while providing excel-
lent active loads to gain stages, are not, in
any sense, constant-current sources, but
merely circuit arrangements which reflect
into the output limb the current fed into
the input limb. In the circuit configuration
of Fig. 10, the current through Trs and
Trg is determined by the potential applied
across the ‘tail’ resistor of Tr; and Tr,, and
the current gains and forward Vpe poten-
tials of Trs and Tre: in the circuit of Fig.
11, this current is determined mainly by
the Vy, characteristics of Trg4 and Tr; and
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Fig. 12. Amplifier using circuit of Fig. 11, d.c. stabilized by connexion from Trs collector to
gate of Trs. Provides symmaetrical output, very high gain and large voltage swings.
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Fig. 13. Ordinary constant-current loads used in conjunction with positive feedback give

same results as current mirrors,



the supply potential across the 22k feed =

resistors.

In such circuit configurations it is diffi-
cult to achieve quiescent current stability
in the output stage over the expected range
of supply voltage variations and fluctua-
tions in ambient temperature. So, with
regret, I concluded that a more formal
constant-current source was necessary as
the load element in Fig. 12, at least for
Tre, if a straightforward voltage dropper
circuit in this path was to be used to gener-
ate the forward bias of the output devices.

While it is difficult to envisage any
standard constant-current source which
would have the same dynamic advantage as
a current-mirror active load, an analysis of
the behaviour of such an active load (which
is that of positive feed-forward from the
parallel antiphase limb) in an amplifier
having an overall negative-feedback loop,
shows that it is substantially identical in its
characteristics to any arrangement giving a
similar gain increase by ‘positive feedback
within the negative-feedback loop’. This is
a circuit technique of some antiquity and
'more widely used, deliberately or
inadvertently, than one might guess.

This realization, in addition to focusing

" attention upon the possibilities and

penalties of the technique, opens the door
‘to the use of such a symmetrical amplifier
configuration, with each half operating
against a standard constant-current load,
.and an open-loop gain equal to or greater
than that of the same circuit using a
current mirror as the second-stage load by

‘the use of a suitable positive-feedback -

path, as shown in the circuit of Fig. 13. In
«this, the polarities of the transistors have
‘been reversed to take advantage of the
slightly more favourable characteristics of
‘the p-channel junction fet constant-current
source in the ‘tail’ of the input long-tailed

This use of positive feedback meets the
main requirements of such an application,
in that the positive feedback path is
derived from a stage operated under more
linear conditions than the main amplifier
loop, and with a wider gain/bandwidth
characteristic. Since the positive feedback
‘signal is applied to the same point as the
nf.b. one, it can be visualized as
cancelling part of the distorted signal
normally fed back, thus leaving the
distortion components as a larger part of
the negative-feedback input, which
facilitates their reduction,

This type of circuit, as an application of
positive feedback, may be contrasted with

.the very commonly employed output-stage

‘bootstrap’, in which the positive-feedback
signal is derived from a stage having worse

linearity, and less good phase linearity,

than the overall amplifier loop.

- The practical power mosfet audio
amplifier based on this design of voltage-
amplifier stage, will be described in the
next part of this article. This circuit has an
output power of up to 100 watts,
depending on supply line voltage, and has
very good stability of d.c. operating
conditions, gain and phase margins, and
offers a significant advantage in audible
quality over conventional bipolar power
transistor designs.
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June 19 i .
RSGB H.f. Convention 1982 to be held at the
Belfry Hotel and conference centre, Milton
Common, Oxford. One day exhibition and
lecture programme organised by the Radio
Society of Great Britain, 35 Doughty Street,
London WCIN 2AE.

June 21-22

Cable-casting in Europe — The commercial:
future. A conference on cable tv to be held at
the International Press Centre, Shoe Lane,
London EC1. Further information from
International Broadcasting, 3-5, St John St.
London ECIM 4AE. .

June 2224
Lab design *82, Joint Meeting of the
Laboratory of Government Chemists and the
IEE, at Church House, Westminster, London
SW1. Details from IEE, Savoy Place, London
WC2R 0BL.

June 29-July 1

The influence of microelectronics on
measurements, instruments and transducer
design. Conference to be held at UMIST.
Details from the Conference Registrar, IERE,
99 Gower Street, London WCIE 6AZ.

July 4-9
Electronics systems. Summer school for
teachers. Department of Electrical Engineering
Science, University of Essex, Wivenhoe Park,
Colchester CO4 38Q.

July 5-7
Distributed computing systems. A Conference
sponsored by the SERC, to be held at (and
details from) Department of Computer Science,
University of Strathclyde, Livingstone Tower,
26 Richmond Street, Glasgow G1 1XH.

July 6-9

Man/machine systems. IEE international
conference to be held at University of

86

Manchester Institute of Science and
Technology. Details from IEE.
July 6-8
Reliability ’83. Fourth national conference
organised by the National Centre of Systems
Reliability, and the Institute of Quality
‘Assurance. To be held at the Metropoie Hotel.
National Exhibition Centre, Birmingham.
Details from National Centre of Systems
Reliability, UKAEA, Wigshaw Lane, Culcheth,
Warrington, WA3 4NE.
July 12-15
The Video Revolution. A residential
symposium organised by the Society of
Electronic and Radio Technicians, 57-61
Newington Causeway, London SE1 6BL, to be
held at the University of Reading.

July 12-16

Electronic application for teachers. Details
from the Administrative Assistant, Room 110,
Registrar’s Department, University of Salford,
Salford M5 4WT.

July 12-16 .

Integrated circuit engineering. Short course
presented by the George Washington
University, at Imperial College, London.
Details from the UK/European office of the
George Washington University, Hanover
Square, London WIR 9DE.

July 12-16

Spectrum Management. Short course
presented by The George Washington
University. Details as above.

July 18-23
Optical fibre telecommunications. IEE
Vacation school at the University of Essex.

July 19-23
Optical engineering including electro-optics.
A short course presented by the George

Washington University at Imperial College,
London.

July 19-23 .
Satellite systems for navigation, traffic control
and surveillance. A short course presented by
the George Washington University at Imperial

. College, London.

July 19-22 .

Acoustical imaging *82. Twelfth international
symposium to be held at the IEE, Savoy Place,
London.

July 21
IEEIE Annual General Meeting. Savoy Hill,
London WC2R 0BS.

July 26-28

Electronic Image Processing. IEE
international conference at the University of
York.

" July 26-30
Data Communications Systems and
Networks. Short course presented by the
George Washington University at Imperial
College, Loridon.

July 26-20
Communications satellite engineering. Short
course presented by the George Washington
University at Imperial College, London.

July 26-28

Electromagnetic pulse and its effects on
systems. Short course presented by the George
Washington University at Imperial College,
London.

A light pen for microcomputers.

For this project, described on p.30 of this

issue, glass fibre printed circuit boards and °
" afibre optic cable assembly is available

from M. R. Sagin, Nancarras Mill, The

Level,; Constantine, Falmouth, Cornwall.
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Thé re-wiring of Brltam

Following the recommendations of the
Cabinet Office Information Technology
Advisory Panel, (ITAP), the Home Secre-

‘tary asked Lord Hunt of Tanworth to

chair an inquiry into the implications of
cable technology and its effect on broad-
casting policy. The inquiry to be complete
by the end of September 1982.

Various bodies will be making represen-

-tations to the Hunt inquiry and two that .
we have received are from British Telecom

and from the Post Office Engineers’
Union. For once employers and employees
are in accord and their submissions are
very similar,

The BT and POEU submissions both
point out that broadcasting and telecom-
munications are converging industries.
Multi-channel cables can offer both broad-
cast channels and ‘narrow-casting’, the
transmission of specialised, minority pro-
grammes. There is an overlap in the screen
information services with teletext and
‘viewdata. Electronic mail services can
direct information to one terminal or to
many and BT believes that the borderline
betweeri broadcasting and telecom services
will eventually disappear.

Both submissions discuss the two princi-
pal cable techniques; tree networks in
which all channels are presented to all cus-
tomers, and the switched star network
‘where the broadband service is available to

a local exchange and a narrower service

-may be switched to the customer according

to the service selected and/or subscribed
to. The switched star system is recom-
mended as being more suitable for an in-
teractive service and most easily realised
with a mixture of fibre optic transmission

for the broadband with co-axial cable for

the local distribution.

The most important part of each
submission is an answer to the question as
to who would provide the physical cable
network as opposed to the programmes.
The BT report says, “There should be a
clear distinction between the providers of
the network and those purveyors of pro-
gramme material which require franchises.
This policy would permit franchises to be
awarded and discontinued and for the
introduction of competition between pro-
gramme purveyors without replacement,
disturbance or duplication of the physical
network.

“The providers of the network then fill
the role of carriers who provide the net-
work for both tv and telecommunications
services. Programme purveyors who need
to seek franchises to offer their services
should not have monopoly ownership of
local broadband networks.”

All this leads, of course, to the logical

conclusion that BT should not only pro-

vide the cable network, but indeed have a
unique ability to do so. They already pro-
vide point-to-point transmission of radio
and tv signals along their landlines. There
is an established force of engineers in the
field and are the owners of wayleaves,
ducts, poles and street furniture. They are
providers of cable tv to some areas includ-
ing an experimental fibre optic network in
the City of Milton Keynes. Improvements
to the telecommunication network will *
need a certain amount of re-cabling; if
independent franchised programme com-
panies were to provide the cable system,
unneccessary duplication would result,

Another aspect that the Hunt inquiry
has been asked to investigate is a supervi-
sory system. ITAP suggest that pro-
gramme providers should be self-regulat-
ing with a supervisory body such as the
Press Council. BT suggests that there
could be an extension of the IBA’s fran-
chising responsibilities.

The POEU highlights some of the
political implications. The Labour party
has promised that when they are next in
power, they will put Project Mercury, the
private telephone network, under BT’s
wing. Similar policies are likely to be ap-
plied to any cable service, and such politi-
cal uncertainty will deter potential com-

_mercial providers of cable systems.

3-D tv — did it

‘work?

When we wrote about the TVS Real World
3-D experiments it was before the event,
so we hadn’t seen it. Now we have.
‘Frankly the results were rather disappoint-
ing. There were some close up sequences
of a man blowing smoke through the
screen and other people poking different
things out at the viewer. These were very
effective but somewhat limited in applica-
tion. Other sequences of vehicles skidding
on a test pad in Holland and of underwater
examination of a sunken aircraft, were less.
successful and offered little enhancement
over conventional two-dimensional tv
images. One possible explanation may not
be because of any failure in the system but
in production techniques. We also saw
recently a transmission (in two dimen-
sions) of the Hollywood musical Kiss Me
Kate, which was originally made in 3-D: it
was noticeable how often deep perspective
and out-of-focus backgrounds were used to
enhance the three-dimensional effect.
When the anaglyph effects were added, the
original film must have been very specta-
cular.

The transmission of the Real World not
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The recent edition of TVS’s The Real World, devoted to the development of 3-D television,

included some underwater sequences taken with this Marconi camera. The camera is
designed for industrial use where the depth perception can be used for the remote
inspection and control of underwater work, exposing divers to fewer risks. The cameras are
used to produce images on two tv screens, combined by polarizing optics and then viewed
through polarized goggles. For the tv programme, the images were transformed into the
red/green anaglyph system. The camera has also been used to record the wreck site of the

Tudor warship Mary Rose.

67



only included the 3-D sequences but was
about 3-D images and gave a history and
some examples of modern use of 3-D
systems. The most important use seems to
be in remote control for hazardous areas,
such as inspection of undersea drilling
platforms or inspection at nuclear power
plants. For these purposes the system is
not restricted to the red/green anaglyph
system as two independent channels can be

processed and displayed on two displays
where they may be combined optically to
present one of the displays to each eye.
This enables full colour displays without;
any of the crosstalk of the anaglyph
system.

TVS tell us that they have no further.
plans to transmit 3-D material, although’
the possibility of late-night films in 3-D.
has been mooted.

Computer controlled

radio station

ATAC is a system for switching between
transmitters and aerials. One to be used for
the BBC’s overseas service in Cyprus will
allow any of the ten transmitters to be
connected to any of 32 aerial arrays, or to
artificial loads, at a preselected time, fre-
quency and mode dictated by operational
requirements. The equipment has been
designed, developed and manufactured by
Drallim Davis Electronics.

Switching of the r.f. power between
aerials and transmitters is accomplished by
250kW r.f. switches, pneumatically actu-
ated and controlled by solenoid valves. Up
to 250 of these switches are arranged in a
matrix, housed in a special building.

Routeing the signals through the matrix

is achieved through a switching program-

module. Numbered plugs are inserted in
sockets and actuate four switches corre-
sponding to a number in b.c.d. Each
group of plugs represents a code, for a

transmitter mode or time switching in-
struction, which is stored in a computer
memory. The condition of each r.f. switch
is recorded by the computer which can
send the appropriate signals to the actuat-

ing solenoids. An important requirement -

is the ability to revert to manual control if
needed. There is a keyswitch system which
can do this and can also disconnect an
aerial or transmitter for safety during
maintenance. :

The computer controls all the switching
automatically and also maintains a record
of all operations which is stored on disc
and may be retrieved to diagnose, for
example, any malfunction.

Drallim have supplied switching
systems to all the Independent Local
Radio stations. They are quick to point out
that such a system, although designed for
use with a radio station, is suitable for a
wide range of industrial applications where
the computer switches mechanical move-
ment in a pre-arranged sequence.
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Bexhill-on-Sea before its installation in the overseas service transmitter in Cyprus

Are you sitting
comfortably?

. . . because Bruel & Kjaer have developed
an environment tranducer which can mea-
sure a combination of air temperature, air
velocity, and humidity to indicate the
overall thermal comfort of a human being.
The six-inch eltipsoidal transducer is com-
bined with a control and display instru-
ment which gives a numerical display to
indicate the precentage of people likely to

- be dissatisfied with the thermal conditions

if subjected to them. Such factors as the
type of clothes likely to be worn, the activi-
ties to be undertaken, the prevailing va-
pour pressures can all be entered into the
control unit and included in the calcu-

lations. Six different readouts are given.
and may be used as a guide to any modifi- -

cations which may be necessary to provide
optimum thermal comfort at a particular
location. The system is battery-powered
and portable and may be used wherever
the maintenance of better thermal condi-
tions is required in buildings, public
vehicles and the like. :

Dolby for personal
stereo

One recent explosive expansion in the au-
dio market has been the headphone cas-
sette player exemplified by the Sony
Walkman. Good as the reproduction is on

- these units, Dolby Laboratories hopes to

improve them by re-designing the Dolby-
B noise reduction system so that it can
work at the lower voltages associated with
the portable players. It not only needs to
work at the lower voltages, but also be
physically small enough to fit into these
minuscule units. According-to Dolby the
development work is well advanced and
integrated circuit manufacturers are
primed to produce devices to be available
to Dolby licensees very soon.

Plessey: a
correction

In our March issue we reported that there
is a six-month backlog in orders for the
BBC computer used in conjunction with
the current television series. d

Our report stated that the cause of, the
backlog was the high drop-out rate in a
gate array integrated circuit from Plessey.

In fact, Plessey do not supply any gate
arrays for the BBC computer; nor are they
in any way concerned with their design.

We apologise for any inconvenience
caused by our mistaken statement that
Plessey are responsible for any delays in
fulfilling orders for the BBC computer.
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BBC’s micro —
users comment

- In this, the first BBC computer user’s

newsletter, the editors say they, “hope to
adopt a reasonably neutral and objective
stance on all questions relating to the BBC
machine.” The words ‘hope to’ and
‘reasonably’ may imply some cover for
future comment but in this issue, honesty
abounds. Besides the usual presentation of

. programs and tips for using the computer,

Beebug, who call themselves the ‘regis-

~ tered referral centre for the BBC project’,

inform readers as to how they might claim
interest lost between Acorn cashing their
cheque and their receiving their goods, of
what they might expect if the computer
they eventually receive is faulty and has to
be returned to the manufacturer (illus-

trated by a typical reader’s letter), and as .

to how long they might hiave to wait to
receive a computer ordered. Users and
potential buyers of this computer, which,
according to published specifications and
prices is one of the better buys on the
market, should find this newsletter in-
teresting. A cheque for £8.90 (or £10.40
outside UK) sent to Beebug, Dept 1, 374
Wandsworth Rd, London SW8 4TE, will
secure a year’s membership.

Banknote reader

. A machine that can accept banknotes and

reject forgeries is difficult to design be--
cause the ratio, between the acceptance of
genuine notes and the rejection of the
others, has to be finely adjusted. If it re-
jects too many genuine notes the customer
becomes dissatisfied and will prefer to use

“some other facility. On the other hand if it

accepts too many forgeries it becomes un-
profitable. Landis & Gyr, a Swiss manu-
facturer settled on a 90% acceptance level
as being the right compromise. Their
acceptance machine, type SN25, incorpo-
rates a microprocessor which enables it to
measure the bank note and to analyse the
colour at pre-selected spots on the note.
The m.p.u. can also be used to record the
use of the machine. It monitors its own
operation and adjusts its parameters on a
statistical basis to give a final acceptance
rate of 99% of all genuine notes. The
machine may be fitted to a wide range of
vending equipment and is thought to be of
particular use in petrol vending.

Radiotelephones

from Neve

When E.S.E. Ltd acquired the mobile
radio division of Nolton Communications,

they decided to usé the name of one of

their subsidiaries in a related field and
launched Neve Radio Telephones. They are

WIRELESS WORLD JULY 1982

WwWWwW americanradiohistorvy com

Sp.e.cifically designed for currency dealers and stock brokers, the City Business System from
British Telecom has a v.d.u. terminal with a touch-sensitive screen. The surface of the

. screen is crossed by a matrix of infra-red beams which can sense which part of the screen is

being touched. Each square on the screen enables the dealer’s telephone to be connected

to a pre-set number and the name or number of the dealer’s contact is displayed within the
square. Several pages of the ‘electronic telephone directory’ are available to the user and

can automatically connect his telephone to any number displayed. Part of the screen can

also be used to ‘dial’ any number not programmed into the system. The computer
controlling the system has access to 5,000 pages of data and can also be connected to other .

data bases. The first commercially operational s
Williams and Glyn’s Bank. Ginger Brooks, the b

ystem has been installed at the treasury of
ank’s treasurer, said how pleased he was

with the system. The dealers had become familiar with its operation within a day and were
completely at home within a very few days. Tony Booth of BT London, whose engineering
staff invented the system, told us that a large number of enquiries and orders were being
processed and that they were obviously ‘backing a winner".

continuing to manufacture market and ser-
vice the Nolton range of mobile radios and
radio telephones, but have wasted little
time in getting new Neve products off the
ground. One is a frequency-synthesised
a.m./f.m. mobile radio telephone which is
the subject of an order from the North
West Gas authority and, claims Neve RT,
is especially suitable for similar fuel and
power customers who may have a large
number of service vehicles. The mid-band
model will shortly become available and is
to be followed by low and high-band
models. The set has 80 channel capability
which can be extended to 160 channels.

In brief

In order to make communications between
combat aircraft more secure, Lockheed are
working on an optical communication
link. The system would transmit and re-
ceive laser and non-coherent light in the
infra-red range of the spectrum. .Sets on

each aircraft would be directed automat-

ically and would be carried in addition to
conventional radio. Experiments are being

carried out on both intensity-modulated
and pulse-modulated systems.

The National Wireless Museum has re-
cently been given a vast collection of very
old service sheets, wiring diagrams and
workshop manuals dealing with early
radios, television receivers and even tape
recorders. The Museum is willing to
supply data and technical information free
of charge to owners of very old equipment.
The honorary curator is Douglas Byrne, 34
Pellhurst Road, Ryde, Isle of Wight.

Enamelled steel substrates are likely to
replace conventional p.c.bs in electronic
equipment of advanced design, according
to a report following a nine-month evalua-
tion by ERA Technology. The princical
reason is the thermal conductivity of the
metal substrate combined with the ability
of the enamelled surface to withstand high
temperatures. This will allow high density
packing of integrated circuits with high-
speed switching. Fine-line metallization
suitable for solder attachment of surface
mounted devices is available; flow solder-
ing techniques are being investigated.
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There are a number of large-scale
integrated circuits designed to make an
instrument GPIB-compatible, so it is
possible to develop an instrument interface
without detailed knowledge of the
protocols. Most of these are register
oriented, implying the need for host
processor, ram and rom circuitry. But a
-costly handicap will be the time required
for software development. The Fairchild
961.5488 i.c. has the ability to perform a
logic -interface as a stand-alone unit
independent of any host processor, so an

few logic chips, no host processor and no
software development. Total chip count
for the entire talker/listener unit was 14
i.cs, including a 6402 uart for
parallel/serial and serial/parallel data
conversion and generator chip, MC14411.
(The serial interface used RS232C signal
levels synchronized to a predetermined
speed, link selectable to 1200, 600, 300 or
150 baud.) It is possible to depopulate the
circuit board if fewer functions are
. required, for example a single keyboard
1might require only the talker capability.
All the circuit components necessary for
the complete interface were assembled
with ease onto a single Eurocard
prototyping board. The interface function
subset incorporated in the GPIB/RS232C
circuit are listed as
SH1 source handshake
AH1 acceptor handshake
T6 talker
TEO no extended talker addressing
L4 listener
LEO no extended listener addressing
SR1 service request
RLO remote/local
CO0 no controller capability.
Connections of the 961.5488 to the signal
lines, address and mode switches, and the
clock and master reset circuitry are shown
in Fig. 1. This configuration will be
standard for most interface designs. The:
clock pulse is generated on-chip, but
requires an external RC network to
provide the necessary time constant for
oscillation; 2200 and 220pF yield a clock
of about 7MHz. The master reset pin is
connected to a “power up” reset circuit
using a 10kQ resistor pull-up and 10pF
capacitor to ground. The diode can be any
medium current signal diode to provide a
-rapid discharge path for the capacitor
when power is removed from the circuit.
The talk and listen address assignment
of the instrument is programmed on the
* five-way switch pack. The A1-AS inputs to
the 961.S488 will be individually set to
either a logic high or low; Table 1 lists the
range of addresses available. This switch
pack should be located at the rear panel of
_the instrument chassis to make it easy to
reprogram the address assignment. Table
2 shows the range of operating modes: MO-
M3 inputs may be set high or low by the
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interface may be quickly realised with a.

by Chris Jay
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TEE-48B GPIB Management bus

GPIB-TO-SERIAL INTERFACE

Economical and practical design has ‘talker/listener’ capability
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Fig. 1. Connections of the 96L.S488 to bus signal lines, address and mode switches, and the
-clock and master reset circuitry. This configuration will be standard for most interface
designs. The clock pulse is generated on-chip, but requires an external AC network.

What is GPIB?
-The general-purpose instrument bus,
originally defined in the Standard
Digital Interface for Programmable
Instrumentation ANSI/IEEE Std 488-
1975, and revised in 1978 and 1980 as
“Standard 488A”, is now a standard
instrument interface offering a
universal approach to automatic
operating, testing and measurement,
and defines mechanical, electrical and
functional specifications. It is a byte-
serial, bit-parallel party line structure
organised to provide asynchronous
communication of digital data
between a maximum of 15 devices
called instruments, including at least
one controller. The devices are
classified into four categories
talker — capable of sending data
listener — capable of receiving data
talker/listener — capable of either
sending or receiving data
controller — capable of controlling
the overall interface functions,
talking and listening. o
All instruments configured to the bus
will fall into one of these categories.
Electrical interconnection comprises a
16-wire structure where all the

devices are connected in parallel,
‘these lines subdivided into three
groups
data — eight signal lines
byte transfer handshake — three
signal lines

general interface and management

— five signal lines.
ATN
o1 Instrument  Instrument
REN
IFC
SRa |
— i -
h\
B70+-9 }
oY 4
NRFD
NDAC l
GPIB
Speed Interface
selectable
RS232C
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four-way switch pack shown in Fig. 1 or
alternatively, by jumper links. The talker
low or high-speed mode depends on
whether the bus is configured around
open-collector or three-state drivers. Table
3 shows the range of logic signals that
reflect the state of the interface. The TAD,
LAD, and D/S/E outputs may be used as
inputs to combinational logic or to drive
leds to give visual indication of instrument
status. Two additional logic outputs, not
listed in Table 3, are also used to provide
interface state information. The DRB
output goes active low when the

instrument is required to drive the bus
data lines. When this output goes low it .

indicates that the instrument interface is
either in the talker active state or in the
serial poll ‘active state. The R/L output
provides remote or local status indication,
but this feature is not used in the design.
The talker/listener interface circuit is
shown in Fig. 2. Although the data lines
are connected to the 96L.§488 interface
chip (necessary for message decoding) no
data will pass through the device. The
6402 uart eight-bit transmit and receive
register lines are connected through
inverting buffer drivers to the bus data
lines. The 961.8488 provides the necessary

handshake signals to ensure asynchronous
transfer of data to the 6402 transmit buffer
register when the interface is in the listener
active state, and from the 6402 receiver
buffer register when the interface is in the

. talker active state.

When power is applied to the interface
the master reset circuit resets the 9618488
chip and 6402 uart through the inverter
and or-gate. The 74L.874 latch is cleared.
The Q-output of this device is wired to the
request service input of the 961.8488. In
response the 9618488 pulls the service
request line low inviting the controller to
conduct a serial poll; the line is used as
wired-or function for instruments
configured to the bus. Any instrument
requiring attention will assert; this line by
taking it low. The controller may then
conduct a serial poll to determine the
source of the service request. When
initially powered the instrument will be in
an off-line state, but requesting service,
see Table 3. This is to inform the
controller that the interface is powered up
and ready to be addressed as a talker or
listener. The controller responds to the
service request as follows, First the
unlisten message is sent to all instruments,
necessary to prevent listeners responding

Table 1. Talk and listen address assignment

DIOg  DIO; DIOs DIOs DIO, DIO3 DIO, DIO;

X H [ A As
X H L L L iL
X L H o AL Ay B A
X L H L L L
X L TR Ty A5

Ay Aq primary listen address
L L unlisten

Ao Ay primary talk address
L L untalk

S, Sy’ secondary address

Table 2. Operating modes set by four-way switch pack

Mode inputs Operating mode  Function
Mo My My Mg '
L L L L offline ° _device cannot take part in bus operations
L L L H Tonlowspeed device goes directly to talk addressed state
and can source data to bus
[k L H L Lon device goes directly to listen addressed state
and can receive data from bus
L L H H Tonhighspeed asfor T on(low speed)
L H L L Tlow speed tatker only, single address mode
L H L H TE low speed talker only, extended address mode
L H H L T high speed talker only, single address mode
[ H H H TE high speed talker only, extended address mode
H L L L L listener only,single address mode
H L L H LE listener only, extended address mode
H H L L T/Llowspeed* talker/listener, dual address mode
H H L H TE/LElowspeed talker/listener, extended address mode
H H H L T/L high speed* talker/listener, dual address mode
H H H H TE/LE high speed talker/listener, extended address mode

* For dual-address talker/listener modes the talk and listen addresses can be different.

Note: Low speed talker option is selected where open-collector data drivers are used. Delay from
putting valid data on bus to DAV going true is 2.0us. High speed option is selected where three-state
drivers are used. Settling delay (data to DAV) is 1.1ps for first byte sent after a low-to-high transition of

ATN and 500ns for subsequent bytes.

Table 3. Codes that reflect interface state

TAD LAD D/S/E  State
off line

o ol ol 5 Gia o
rTIrXI
o c5fs [l gl

addressed to listen (LADS)
addressed to talk (TADS)
serial poll mode (SPM)
receiving end message (LACS)
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to status bytes as though they were data
bytes, then the serial poll enable message is
issued over the bus. The controller then
issues the talk address of each instrument,
and sets the attention line inactive to take
the status byte of the instrument currently
in serial poll active state. 1

When the serial interface receives its
talk address the instrument enters the
serial poll mode. The controller may listen
to read the active low assertion of the
request service output from the 9615488
on data line seven (the other data lines float
passive high). When the controller accepts
this status byte, STST will pulse high,
driving STRDY low through the inverter.
This illustrates the automatic response of
the STST/STRDY handshake. The
controller’s command program may now
recognize that power has been applied to
the serial interface and it may be addressed
as a talker or listener. The rising edge of
STST will clock a high onto the Q output
of the 741874 removing the request for
service.

Listener Interface

For a printer interface the instrument will
be addressed as a listener. The LAD
output goes low to illuminate the green led
when the listen address is received. More
than one listener may be active on the bus
at any one time but only one talker is
permitted.

During the listener active state valid
data on the data lines will be present at the
TBR inputs of the 6402 from the outputs
of the 74L.S240 inverters. The 9615488
will decode the three-bus handshake lines
to assert RXST high when data has settled.
The rising edge of RXST triggers the 121
monostable to its quasi-stable state. Its Q
output will be low for a time constant of
0.7CR, then go high, the rising edge
transfering data in the 6402 transmit
buffer register to the internal transmitter
register (delayed if the transmitter register
is not empty). The 6402 serially transmits
this data byte and automatically inserts the

appropriate stop, start and parity bits. The

format is pre-programmed by a binary data
pattern set on the switch pack and resistor
combination wired to the PI, EPE, SBS,
CLS inputs, see Table 4. These control
register inputs require that CRL be high
during control register load. Data speed at
the TRO output is determined by the clock
rate at the TRC input, 16 times the rate of
the serialized data. The RXST/RXRDY
handshake is completed when the transmit
buffer register is empty. TBRE goes high
informing the 961.8488 i.c. that the uart is
ready to accept the next data byte for serial
transmission. The local handshake is
therefore achieved by RXST/TBRL and
TBRE/RXRDY signals, decoded from the
handshake signals. The actual speed of
data byte transfer over the bus depends on
the slowest active listener. If the printer
interface is the only active listener, then
the data lines will be ready for the talker to
transmit the next data byte.

The signal conditioning and inversion
required to drive the RS232C input from
the 6402 output is achieved by the nA1488
line driver circuit (pin 3).
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Fig. 2. Double-sided printed boards and

‘certain components for this design will be

available from M. R. Sagin at Nancarras
Mill, The Level, Constantine, Falmouth,
Cornwall.
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Table 4. Codes required for character
length and stop bit format in 6402.

Character length (bits) 5 6 7 8
CLS1 L H L H
CLS2 L L HH

=
Character length selected

SBSinput 5bits 6, 7 or 8 bits

L 5 1
H 1% 2

} ‘Stop bits

Pl— Parity inhibit — A high level on this
input inhibits the generation of a parity
bit. A low level enables the generation
of a parity bit.

EPE—Even parity enable — When Pl is set
low, a high level on the EPE input
enables even- parity: checking and
generation. A low enables odd parity
checking and generation.

Talker Interface

Keyboard data may be transmitted over
the data lines when the interface is
addressed into the talker-active state.
When the interface receives its talk address
the 961.5488 TAD output goes low and the
red led lights. When the controller drives
ATN high it relinquishes control of the
bus data and management lines and the
keyboard interface enters the talker active
state. The D/S/E output would already be
low in TADS, and on entry to the talker-
active state, the DRB output goes low,
relieving the three-state condition via the
or-gate at the output of the 74F240
inverting bus driver. Note that during the
serial poll active state D/S/E would be
high, disabling the bus driver device and
allowing data line seven to be driven by
RQS. The 74F240 was chosen because its
outputs can sink 64mA and therefore
satisfy the 48mA current sink requirement
of the bus electrical specifications. It also
offers considerable power economy over
the functionally equivalent 74S240.

Serial data from the RS232C interface is
inverted and conditioned to a t.t.l. signal
level by the uA1489 line receiver circuit.
The serialized data is clocked info the
receive register of the 6402 and then
transferred to the receive buffer register
with the appropriate start, stop and parity
bits automatically inserted, according to
the program set on the five-way switch
pack (see Table 4 for character format
details). The data-ready output from the
6402 drives the transmit-ready input high.
The 961.5488 informs the listeners active
on the bus that a data byte present is valid.
When all active listeners have accepted this
byte the 961.S488 asserts the TXST line
high. The inverted output drives the data

received reset input to the 6402 low, clears -

the data-ready output permitting the next
byte to be received without an overrun

error. It is assumed that the rate of the

serial data generated by a typist at the
keyboard will be slower than the of data
reception by the active listeners on the
bus, therefore no overrun error will occur.
It is up to the instrument designer to
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ensure a speed compatability of
instruments on the bus. If a fast talker is
required to transmit data to one or more
slow listeners then the listeners should
have some kind of fast front-end buffer
store, to reduce the probability of data
overrun. The talker will transfer a data.
string to the bus using the TXST/DRR.
and DR/TXRDY as local handshake.
Provision has been made for the

" transmission of an end-of-string character

to mark the end of a transmission. When
an instrument is.in the talker-active state it
may use the end-or-identify line to signify
the transmission of the last byte in a
character string. A low signal transmitted
‘on the line concurrent with transmission of
the final data byte may be decoded by the
listeners as receiving the end message. The
961.S488 is capable of decoding this
message in the listener-active state, see
Table 3 status codes. This talker design is
capable of recognizing a unique end

Terms and acronyms describing
bus events :

GPIB General purpose interface bus

TALKER Device forming part of bus in-
terface which can send data to
DIO lines

LISTENER Device forming part of bus in-
terface which can receive data
from DIO lines

TADS - Talker addressed state
LADS Listener addressed state
SPAS Serial poll active state
PPAS Parallel poll active state
CiC Controller in charge
TACS Talker active state

LACS Listener active state

Remote Messages

ATN Attention
UNT Untalk
UNL Unlisten
MLA My listen address

- MTA My talk address
SRQ Service request
RQS Request service
SPE Serial pol! enable
SPD Serial poll disable
STB Status byte
PPE Parallel poll enable
PPD Parallel poll disable
PPC Parallel poll configure
Local Messages
rsv Request service
ist Instrument status

character and asserting the end-or-identify
line automatically. The 74F521 octal
comparator chip A=B output will go low
when the code set on the eight-way switch
pack matches the data byte waiting for
transmission in the receiver buffer register
output. A 74F240 inverting buffer
provides the necessary current drive
capability to the line. This device will only
be enabled during the talker-active state,
so other instruments may use the line for
end message generation when they are
addressed as active talkers. The controller
may also use this as the identify line to
invoke-a parallel poll.

The interface has been designéd to
respond to a parallel poll. The individual
status input to the 9615488 will remain

high if no error occurs during transmission
but will go low if either a parity, framing
or overrun error occurs during
transmission.” The 6402 status bits are
latched internally, so the output of the
three-input nor gate stays low until the
6402 receives a! master reset. .If ‘the
comparison bit of the PPE message was
low, the interface would respond by

asserting its assigned data line during the

parallel poll active state. The controller
will read this as an error condition, the
error having occurred during transmission
or reception of data. A non-assertion of the
assigned data bit would indicate that rio
error had occurred during transmission or
reception.

A master reset may be issued to the 6402

in the form of a device clear message or a
selected device clear message. It will be
necessary to clear the PE, FE or OE if one
or more of these flags were set during
transmission. When the instrument
receives such a master reset message from
the controller the CLR output of the
96L.5488 will go low setting the master
reset input to the 6402 high, via the
inverter and or-gate. The CLR output
remains low while the instrument is in the
accept data state and ATN is active. If
ATN goes false or the interface exits the
accept data state the line goes high. The

interface will be reset, and the ist line will
return high. Normal talker and listener,
activities may be resumed after the uart:
has received a master reset, via a device:

clear or selected device clear message
issued by the controller. i

';' 13

‘Chris Jay is applications engineering
manager for digital bipolar and I.s.i.
products at Fairchild’s Bristol design
centre, providing technical support for
customers and marketing. Joining
GCHQ in Cheltenham as a trainee
technician straight from school, he
| obtained City and Guilds
{Telecommunications) and HNC
qualifications at day release and
evening classes. These qualifications
helped him qualify as a mature
-student for a full-time degree course
‘at Essex University. On graduation in
1977 he joined Texas Instruments as
part of the engineering design effort
on the 9911 DMA controller chip.
Preferring to be involved with device
applications he joined Linotype Paul in
Cheltenham where he designed
computerized file storage equipment
for the newspaper and printing
industries. He left to take up his
present job two years ago.
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The expanding
spectrum

It is now 70 years since American engi-
neers decided that radio waves of “200
metres and down’ were of little or no
practical value and could safely be given to
experimenters and radio amateurs who,
they confidently predicted, would find it,
difficult to radiate far beyond their own
back yards! By the 1930s not only had h.f.
been opened but ‘“‘microrays” were span-
ning the English Channel and frequencies
up to about 100 MHz were coming into
general use. The development of the mag-
netron, the Klystron and (later) the travel-
ling-wave-tube opened up an extensive
microwave spectrum, and the process of
expanding the useful frequencies contin-
ues. Japan now has some local urban
broadband links on 40 GHz, possibly the
highest frequency to be used for commer-
cial telecommunications, and one notes
that the Rutherford and Appleton
Laboratories have developed methods of
measuring molecular absorption by atmos-
pheric gases in the 100 to 1000 GHz re-
gion.

Conferences galore

Over the past couple of decades, large en-
gineering conferences, seminars and asso-
ciated trade exhibitions seem to have be-
come ever more frequent and more
specialised. This is certainly true of the
telecommunications, radio communica-
tions and broadcasting scene. For example
in the space of ‘the one month of April
there was the enormous annual NAB
(National Association of Broadcasting)
event at Dallas, Texas involving some
30,000 people and 400-plus trade stands in
what has become an increasing interna-
tional exhibition; Communications 82 at
NEC Birmingham; the IEE’s second “In-
ternational Conference on Antennas and
Propagation” at York University; and the
IERE’s fourth “International Conference
on Video and Data Recording” at South-
ampton University — and possibly others
that I have remained blissfully unaware of.
And once again those concerned with
broadcasting face the prospect of the Inter-
national Broadcasting Convention at
Brighton in September, another NAB at
Las Vegas next April and the Montreux
Technical Symposium a few weeks later.
NAB succeeds in keeping it all down to
3Y2 days (engineering papers 2% days)
and the papers tend to be of a much more
practical and operational nature than those
delivered, for example, at IBC. As some-
one who has attended every IBC since its
start in 1967, some five Montreux and
three NAB events I have little doubt that
NAB comes nearest to meeting the real
needs of the broadcaster — its size alone
ensures that firms concentrate on intro-
ducing new ideas and new equipment at
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that event. The papers at IBC, admittedly,
are usually of a higher technical level, but
the “workshops” and panel discussions at
NAB often mean more to those who attend
— and can sometimes be in advance of
even the R and D conferences. NAB 1982,
for example, provided much more in-
formation about the latest non-composite
analogue video recording techniques, such
as the Y2-inch Chroma Trak format used in
the one-piece RCA “Hawkeye” camera/re-
corder (and also Y-inch and l-inch com-
ponent formats) than the specialized
recording conference at Southampton —
though this has more to say about the
ultimate all-digital component recording
systems that have not yet reached the mar-
ket place.

Antennas and
propagation

Browsing through the formidable 839
pages of IEE Conference Publication No
195 “Antennas and Propagation” one can-
not but sense the gap that separates R and
D people and the communications practi-
tioners. For example, a number of the
papers reflect the intensive study of s.h.f.
transionospheric propagation, including
the effects of heavy rain and ice crystals on
12 to 20 GHz satellite circuits, including
the extent of attenuation and depolariza-
tion in different parts of the world. Clearly
these studies are of practical importance

both for communications and satellite

broadcasting — and indeed show that
these effects are rather more severe than
originally thought. But, at least for
European DBS systems, the main techni-
cal parameters were determined in 1977
and one suspects that the R and D results,
important though they are, will have only
limited influence on the systems planning
for 12 GHz despite the additional fade
margins etc. that theoretically should be
provided in those parts of the world
subject to monsoons, tropical rainfall or
where ice crystals can reduce the co-chan-
nel interference protection provided by
polarization discrimination.

Modelling h.f.
propagation

The conference also underlined the contin-
ued search for accurate “modelling” of h.f.
propagation. Despite some 60 years of

study, it is clear that nobody can yet
predict with confidence either tomorrow’s

optimum working frequencies or those for .

ten years ahead. Neither the short-term
daily variations of up to 10 or 15 per cent,
or the maxima or minima of future sunspot
cycles can yet be delivered with confidence
by even the most complex, computer-
based models. This does not stop R and D
from trying — and the scientific journals

as well as the conferences are full of at-
tempts. But such predictions remain as
uncertain as long-range weather forecast-
ing, though one notes that one of the
leading experts in this field, C. M. Rush of
the Institute of Telecommunication
Sciences, is convinced that “the limitations
imposed upon h.f. propagation systems by

. the ionosphere must be assessible, quanti-
fiable, and predictable”. That will be the
day! In the world of antennas, the key-
word still seems to be “adaptive® and the
mathematicians reign supreme; and one
notes that most of the more practical inno-
vations described at York had already ap-
peared in the journals or around the con-
ference circuit. This is not to criticize the
R and D work but only to wonder what
impression some of it will make outside the
laboratories. Yesterday’s R and D is often
a closed chapter. 1

Above the m.u.f.

At York University, H. P. Williams noted
the way in which, at h.f., it is possible to
use frequencies above the m.u.f. though
surprisingly he made no mention of the
regular “long-path” type of chordal hop
propagation now well established. But he
does make the interesting suggestion of
using frequencies as low as 14 MHz for
commercial or military “meteor-scatter”

communications links (usually operated at,

v.h.f.). Some of the original investigations
by Professor O. G. Villard of Stanford
University in 1947-53 showed that reflec-
tions from meteor trails can be detected as
an almost continuous weak-sigrial back-
ground on frequencies down to about 10
MHz. H. P. Williams believes that
meteor-burst communications at h.f. could
be of practical value for medium-distance
paths of about 1000 km, at times when the
path is otherwise closed to ionospheric ref-
lections. 2

Noted at NAB

American medium-wave (a.m.) broad-
casters are worried at the prospect of re-
duced night-time “clear channel” coverage
following the walk-out of Cuba from the
Region 2 planning conference after filing a
plan for 187 m.f. stations (without direc-
tional aerials) including two 500 kW instal-

lations . . . another problem is the FCC’s -

decision to leave the choice of an a.m.
stereo system to the market place while
there are still four aggressively competing
and non-compatible systems: Magnavox
AM-OM; Motorola C-QUAM; Harris V-
CPM; and Kahn/Hazeltine Independent
Sideband . . . FCC is to authorize a whole
new category of tv broadcasting as a “Low
power television service’ with a minimum
of regulations. . . . Three competing
systems are being investigated for
multichannel sound on tv; a Japanese
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system proposed by EIA]J and two Ameri-
can systems by Zenith and Telesonics. . . .
Network radio is back in fashion using a
great deal of satellite distribution. . . .
Japanese firms are making ever deeper
inroads into the American broadcast-
equipment market including growing use
of small Saticon pick-up tubes in the in-
creasingly fashionable compact colour
cameras. For 25 or 30mm sizes the lead-
oxide vidicon remains the first choice.

ANMATTEUR
RADIO

First moonbouncer

The ability to make world-wide contacts
on v.h.f. and u.h.f. by utilizing the earth-
moon-earth path continues to attract more
enthusiasts into this branch of the hobby,
despite the demanding requirements in
terms of aerials, transmitter powers and
low-noise receivers. Stuart Jones,
GW3XYW, near Swansea recently became
the first amateur in Wales to “work all
continents” on 432 MHz moonbounce.
G3WDG and G4KGC of Towcester have
successfully used a 4-metre dish aerial de-
signed for 1296 MHz on 432 MHz, and
this is believed to be one of the smallest
dishes yet used on this band.

During the now well-established annual
amateur radio reception at NAB a plaque
was presented to John De Witt, N4CBC
(formerly W4ER1 and W4FU) who as a
lieutenant colonel in the U.S. Army Signal
Corps at the end of the war was officer in
charge of the project at the Evans Signal
Laboratory that led to the first successful
“moonbounce”. This was realised on Jan-
uary 10, 1946 when a quarter-second pulse
was transmitted on 111.5 MHz, and 22
seconds later a faint returning ‘beep’ was
heard. Earlier, in May 1940 while chief
engineer of WSM, Nashville, Tennessee

“Jack” De Witt had attempted to achieve °

moonbounce and shortly after V-J day he
again turned his attention to the question,
this time based on modified radar equip-
ment with a 64-dipole aerial array and nar-
row-band quadruple-superhet receiver
tuned to take account of doppler frequency
shift. The first engineer actually to hear
the moon-echoes was Herbert Kauffman,
W20QU. The idea of hearing radio signals
from the moon was even then not new. As
early as September 1921, OST had
warned:

“A whimsical lad called Maloney,

A ham in the art of Marconi,

Once essayed to tune

A spark from the moon.

With suspicion regarded

He’s now always guarded

Beware lest you follow Maloney!
Fortunately many amateurs have been able
to follow in the steps of Maloney, De Witt
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and Kauffman without incurring excessive
suspicion as to their sanity. Indeed
nature’s passive satellite system e-m-e is
now well established.

Amateur tv

In CQ-TV, D. ]. Long, G3PTU suggests
that for amateur television transmissions
on bands above 432 MHz consideration
should be given to frequency-modulation
of the vision channel. With the approach
of direct broadcasting from satellite, com-
ponents for f.m.-type tv receivers will be-
come more readily available. Problem may
be to find 27 MHz or so of available radio
spectrum. Grant Dixon, G8CGK draws
attention to the availability of one-chip
analogue/digital converters (at around £66)
that provides 6-bit (64 level) coding, suffi-
cient for experimental digital-video
systems. The British Amateur Television
Club will hold its 1982 convention at the
Post House Hotel, Leicester on September
4-5. John Wood, G3YQC, editor of CQO-
TV, has started trying to compile a history
of amateur television from the earliest pre-
broadcast days. Amateur tv enthusiasts in
the Bath and Leicester areas are seeking to
establish atv repeaters.

It was just 30 years ago, in May, 1952
that what is believed to have been the first
amateur two-way high-definition tv
contact was made on 432 MHz by Harold
Jones, GSZT/T of Plymouth and Fred
Rose, G3BLV/T who lived in Sunderland
but brought his equipment by car down to
the Plymouth area. The a.t.v. stations had
taken some three years to build.

Here and there

Just after World War II, when many ama-
teurs were eagerly buying up surplus mili-
tary equipment, there were frequent
warnings that some airborne equipment
contained explosive devices intended to
prevent the equipment falling intact into
enemy hands. However, R. C. Field,
G3IPM, recently had ‘an unpleasant sur-
prise when an old IFF (Identification
Friend or Foe) unit which had been in his
possession for 36 years exploded without
warning, wrecking his garden shed but
fortunately resulting in no human
casualties.

British amateurs are participating in a
study being carried out for CCIR into the
extend of v.h.f. sporadic-E propagation on
the v.h.f. bands. On 144MHz this has
been found to exceed greatly that
predicted by methods currently recom-
mended by CCIR. Of particular impor-
tance will be the observation of the dura-
tion of such events as established by the
large network of European v.h.f, enthu-
siasts. :

At the recent IEE Conference at York
University, R. G. Flavell, G3LTP des-
cribed the work of European amateurs in
determining the limits of long-range tro-
pospheric propagation on 144MHz and
432MHz in anticyclonic weather condi-

[

tions. He pointed out that although doubts
had sometimes been raised on some quar-
ters about the genuiness of the long
distance claimed by amateurs, there was
good independent evidence relating to the
long oversea path of 2635km (a European
record) achieved in a two-way contact on
144MHz between Devon and the Canary
Islands on August 6, 1980. ‘
The revised schedule for the British
amateur radio licences finally appeared in
the London, Belfast and Edinburgh Ga-

zettes on April 16 and the Home Office has -

resumed the issue of new licences.

The ARRL has formally asked the FCC
to ban the use of amateur frequencies by
American cable television operators claim-
ing “amateur radio operators in many

- states have suffered severe interference

caused by operation of cable systems
which ‘leak’ radio frequency energy on
amateur frequencies . . . worse, consumers
of cable television are subjected to interfer-
ence from amateur v.h.f. stations”. It is
noted that problems arise from inadequate
shielding of the cable systems, the use of
poor quality components, inferior installa-
tion procedures and that the problem can-
not be resolved in the context of the pre-
sent rules due to the proximity of the two
services in residential areas . . . even hand-
held 144MHz transmitters can destroy a
cable channel for several city blocks”.
ARRL have also formally opposed the re-
laxation of cable leakage regulations which
currently limit radiation to 20uV/m at 10ft
between 54 and 216 MHz but which may
be relaxed to 100uV/m.

In brief

ZD9GI a 28.212MHz beacon station on
Gough Island in the South Atlantic is now
operational, tended by members of the
weather station . . . Some Swedish ama-
teurs are active on 1.8MHz c.w. and more
and more countries are now permitting
operation on this band. . . . The ARRL
DX countries list currently totals 318 dif-
ferent “countries”. . . . The GB3ANG
70.06 MHz beacon station has a two-speed
keyer in order to provide high-speed (100
w.p.m.) identification during meteor-scat-
ter bursts. . . . Hans Meurer, W2TO has
achieved 100 countries confirmed using a
2-watt Heathkit HWS8 transceiver among
the high-power stations in New Jersey. 60
per cent of his contacts were on 21MHz,
35 per cent on 14MHz and 5 per cent on
7MHz. . . . The Americans are shortly to
begin operating an over-the-horizon radar
between 5 and 35MHz located near Mos-
cow, Maine. It will have an effective
radiated power of the order of 1.2MW.
The American military users have
promised to co-operate with h.f. users to
minimize interference which should prove
less than that suffered from the Russian
“woodpecker” system. . . . The FCC have
suspended licences of two American ama-
teurs who have deliberately jammed an
amateur net on 14MHz.

PAT HAWKER, G3VA
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'MICROCOMPUTER
LINE PRINTER

Requiring ‘hard copy’ from a Z80-
author obtained a 40-column dot-
and designed an interface aroun

based m_icrocompute( to aid program compilation, the
matrix printer mechanism with a dedicated controlleri.c.
dthem. The result — a cost-effective line printer with few

components — lends itself to modification and to other applications.

Generally, and excluding the cassette re-
corder, a printer is the most useful peri-
pheral for a small computer. Hard copy of

. program listings or computed results for

documentation and dissemination pur-
poses are the first applications that spring

_ tomind, but probably the most interesting -
‘aspect of a printer as far as serious

microcomputer users are concerned is its
value as an aid to program debugging and
compilation. It is far easier to find an error
in a complete listing on paper than it is

- from a partial listing on a c.r.t. screen.

Given these merits, it is surprising to
find that for some small computers,
directly compatible printers are not readily
available. Many complete units requiring
only a standard serial or parallel interface
are available, but for my purposes, they
were found too expensive, too large and
too heavy. For these reasons I decided to
choose one of several bare printer mechan-
isms now on the market, and design an
interface around it.

Of the mechanisms available, many have

only between 16 and 20 printing positions, -

since they are intended for use in cash
registers and similar equipment. For

R
L

Data bus <s—

x 8

- by P.L. Woods

practical listings in Basic or assembly lan-
guage, more columns are needed. Another
variable to take into account when choos-
ing a mechanism is that of paper type.
Many drives using thermal or electrosensi-
tive paper are inexpensive, but then again,
the paper they use is relatively expensive.
The .fmal choice was a plain-paper dot-
matrix printer.

Mechanism

The DP-824F-24 is a 24 volt d.c. mechan-
ism capable of printing 40 characters per

‘line on a roll of plain paper 114cm (4.5

inches) wide. This gives a character den-
sity of about 12 characters per inch, which
is the same as that given by many type-

writers. The printer prints 6 lines per inch -

at about 1.2 lines per second, the actual
rate depending on the microcomputer soft-
ware. Some idea of the quality of printing
provided by this unit can be obtained from
the listings shown.

In this, and most dot-matrix printers, a

Fig. 1. Block diagram of the printer
interface. To the left of the dotted line are
the interface logic and controller circuits
and to the right, solenoid and motor-drive
circuits and the mechanism.

Bi-directional
buffer

Address Port
bus select

Control
bus

Control

™ g

Printer
controller
chip

Interrupt
acknowledge |

Buffer

Main control board
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% Timing signal
‘ detectors

vertical row of seven solenoid-operated
needles are drawn across the surface of the
paper and carefully timed pulses are sent
to the solenoids to leave a pattern of dots
on the paper, forming the selected charac-
ter. A standard (group 24) typewriter rib-
bon is used in this case. The print head is
driven along the line by a motor driven
lead screw, while a timing signal derived
from a pickup coil driven by this motor
ensures a correctly proportioned character.
The motor also drives the paper advance
mechanism through a series of gears.

The mechanism is quite small, mea-
suring 5.7cm high by 15.8cm wide by
14.7cm long, and can easily be mounted in
a small container. My container measures
12.5cm high by 17.5cm wide by 21.5cm
long, the extra height being needed to
house the solenoid driver circuits in the
bottom of the box.

Dot-matrix printers need a character
generator to form the pattern of dots for
the desired character set. For this mechan-
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<« Fig. 2. Port select and interrupt circuits.
Address decoding may be varied (see text)
and in most situations, the /nterrupt

_circuits may be ignored and pin 3 of IC,
connected to ground.

Interface board, This circuit servesto  p
connect the printer to the microprocessor.
The DIN41612 connector on the left plugs
into the back plane of the author’s
computer system and the signals to and
from the printer are conveyed via the ‘D’
connector at the r/ght The large integrated
circuitin the centre is the pr/nter controller
chip.

ism, a matching controller i.c. is available
from the same manufacturer. This i.c. also
takes care of all the timing, paper feed and
character buffering problems associated
with driving a printer of this type. A self
test facility is also built into the controller.

So, given the controller and mechanism,
designing the interface is a simple matter
of adapting the microcomputer’s bus to
suit the requirements of the controller, and
providing drive circuits for the motor and
solenoids. Here, the interface is designed
to accept Z80-bus signals but modifying
the circuit to suit other microprocessor
buses should not be a difficult task.

Circuit description

Figure 1 shows a block diagram of the
interface, separated into two parts by a
dotted line. Circuits to the left of the line
form the controller and carry low-level
t.t.l. signals, while those on the right are
for driving the motor and solenoids and
thus carry high-voltage/high-current sig-
nals. These two sections are kept separate.
as the current surge caused when all the
solenoids are switched at once is around
30A. The driver circuits are mounted in
the container with the printer mechanism
and connected by a ribbon cable to the
controller section, which is kept close to
the computer.

‘Port-select and control logic

A detailed circuit diagram of the controller

is shown in Figs 2 and 3. First consider
Fig. 2. This is the printer port-select logic,
and general and interrupt-control logic.
Although designed into the circuit, the
interrupt function is not needed to
successfully operate the circuit and may
thus be omitted.
- Z80 (and 8080) devices have mput/out-
put instructions to activate their peri-
pherals. Thus the first step in the interface
design is to establish whether an i/o in-
struction is occurring, and whether it is
addressing the printer board.

IC4 and IC¢ perform the address-decod-
ing and port-select functions. Depending
on the precise address required for the
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printer, the address lines are fed either into
one of the two NOR gates, IC,,, ICy,, or
into the NAND gate, ICq. The*m sig-
nal is active when the current instruction is
an i/o instruction, and the M1 signal is
used for synchronisation purposes. -

‘The controller, as shown,.is set to res-
pond to port 0C (hexadecimal), but any
other address could be used if needed.
Only the least significant lines of the
address bus (A0 to A7) are used by i/o
instructions. Connect any line of the
address bus which must be hlgh when the
printer is to be active to an input on the
NAND gate, ICs, and all of the other
address lines (AO to A7) to an mput on the
NOR gate, IC,. The circuit is designed
such that when the port is sclected, the
output of ICs (pin 8) goes low. This is the
Port select signal.

ICsq4 buffers the Port acknowledge signal®

on its way back to the microprocessor. My
computer’s hardware needs this signal but
in most cases it will either remain unused
or, in systems with a fast microprocessor
such as the Z80A or Z80B, used to gener-
ate a processor wait signal.

Interrupt logic

The remainder of Fig. 2 is the interrupt’

handling circuit and comprises ICsc, IC7,
IC,, IC11, IC;; and S;- Ss. If unwanted,

this section may be omitted, in which case
pin 3 of ICg is connected to ground.

When the printer controller chip, ICy4,
becomes idle, a 4p.s pulse is generated by
IC;1p which sets an interrupt request latch
formed by ICub and ICjy. This signal is_
buffered on its way to the mcrOprocessor
by ICs.. When the Z80 microprocessor
generates an interrupt acknowledge cycle,
IC7, and IC;, will establish the priority of
the board concerned in the interrupt prior-

ity chain, and, if selected, will send the
output of IC;,, (pin 12) low. This enables

ICs to connect switches S; to Sg onto the
internal data bus, and then through IC; to
the system data bus. Further, IC;;, auto-
matically clears the interrupt request latch.

Switches S to S are used to set up the
interrupt reply byte to the microprocessor

| 101 TIP120

and serve to tell the software that it is the
printer that needs attention. The value set
on the switches will depend on the system
software written, and so is outside the °
scope of this article. O

To be cbntinued

Componets

Integrated circuits Resistors

‘ 74L.S14 1-11 1k
7418245 | 12,13 33k
74L.504 1k
7425 1 10k .
74L.S03 120k

741830 22k
74LS00 4.7k
741502 120k
7418244 3.3k

7418123 , (8 off)
74LS10

7418367 10k
DPC-2 202,203 4.7k

74LS14 204 10k
7406 205 150

e 301 100k
7805 302 39
741 303,304 1k

O 00N W W =

1N4001

(8 off rqd.)
6.2V,1lw
Zener diode.
(8 off rqd. )

301-304 1N4001 7,8
305,306 IN5402 | 301

Capacitors

307 24V,1W | 302

Zener diode. | 303 :
304,305 6800 25V
Transistors {. 306 500p. 30V

1 BC109

Others
(8 off) XL,
201, 202 2N3702
203 TIP120
204 TIP42A
301 BC109 -

302 TIP120

6.0 MHz
‘(HC25/U)

Transformer
9V, 1A and
12V, 2A.
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Turning first to how discs are driven, John Watkinson briefly discusses motors,
mountings and bearings, and rotation sensing. How and why cooling and filtration

Now, after having covered head selection
and positioning, we move onto the third
dimension of disc access — rotation.
Alignment between read/write heads
and data tracks is not only determined by
the head positioning system’s accuracy.
Play in the drive spindle can also cause
problems in this area. ‘Runout’, the term
- used to describe this phénomenon, be-
comes more critical as the disc’s track
spacing decreases, and is usually
minimized by the use of axially-preloaded
tapered roller bearings on the drive spindle

]

Fig. 1. Axial preload applied to tapered
roller bearings takes up all play in the
spindle. The motor’s speed is frequency
dependent, therefore, the domed pulleys
on which the flat belt runs are
interchangeable for either 50 or 60Hz
mains frequencies.

Squirrel-cage type induction motors are
most commonly used to drive the spindle.
Electrical interference, mechanical noise

and physical wear from brush type motors.
make them unacceptable for this applica-.

tion, and the power required to turn a
relatively heavy disc pack at speeds of up
to 3600 r.p.m. discounts shaded-pole
motors. Two types of spindle motor are
often encountered; one, the so called two-
phase or capacitor-run motor, has a second

winding fed by a phase-advance capacitor

to achieve field rotation and the other has
an auxiliary starting winding switched in
and out by a centrifugal switch.

Larger drives use three-phase motors
with windings designed to work at be-
wween 200 and 240V, and the windings
may easily be configured to suit either 110
or 240V mains supplies.

Almost every spindle is coupled to its
motor by a textile-belt and pulley arrange-
ment, the pulleys of which may be
changed to suit either 50 or 60Hz mains
frequencies and thus compensate for the

*B.Sc., M.Sc., Digital Equipment Co.
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techniques are used follows.

by J. R. Watkinson*

‘motor’s speed change. A conductive drive
belt may be used to provide a discharge
path for static electricity on the motor ro-
tor and for the same reason, a carbon
brush is fitted at the end of the spindle.

For several seconds during start up, a,
motor driving a large multi-platter disc’
pack may draw 10A from each phase, after
which the normal running current is
around 1A. Where a number of drives are
being used together, an automatic mains
switching circuit allows only one drive to
be started up at once to avoid mains
overload. : : )

A disc pack without some form of brak-,
ing would turn for several minutes after its
motor had been switched off. Often the
spindle motor is used as a brake by apply-
ing around 50V direct to its windings, Fig.
2, but this can lead to overheating when
the motor is - frequently stopped and
started since the windings heat up on both
occasions. Therefore, a thermal switch is
often included in the drive circuit. :

Rotational position sensing

To position the head for reading or
writing, the drive’s circuits need to know
which cylinder the head is at, as was
discussed in the previous article, and
which sector is currently under the head.
Sector information is usually obtained
from a sensor detecting slots cut in either
the hub or lower protection platter of the
disc pack. There are three main types of
sector transducer — one uses light emit-
ting and detecting devices, with the advan-
tage that precise physical tolerances are not
required, one relies on varying reluctance,
and the last is an eddy-current detector
working on the same principle as some
metal detectors.

Timing of the sector pulse occurring
between data blocks is critical because this
signal is used to initialize logic circuits for
reading a header. There are two ways in
which the timing of the pulse may be ad-
justed, depending on the type of drive.
Sometimes a fixed transducer is used and.
the pulse is varied by altering the setting of
a monostable circuit; in other cases, the
pulse is varied by moving the transducer
tangentially in relation to the disc. What-
ever method is used, the adjustment is
made using a reference disc pack to ensure
that all the drives concerned have exactly
the same setting. :

Pulses from the transducer increment
the sector counter. In Fig. 3, it can be seen
that the sector detection disc has a double
slot at one point on its circumference.
When these slots pass the detector, the
timing logic circuit generates a separate
pulse to reset the sector counter.

The desired-sector register is loaded
from the host c.p.u. as part of the disc
address. This register is compared with the
sector counter by the disc-control logic.
When the two match, the desired sector is
located. This process is referred to as a
search, and usually takes place after a seek
to the desired cylinder. Having found the
correct physical block on the disc, the next
step is to read the header of that block to
confirm that the disc address it contains is
the same as the desired address. Following
this confirmation the data transfer
proceeds. This process will be detailed in
the section on disc-control logic.

The sector counter is often accessible by

‘the host c.p.u. as the current-sector regis-

ter. In a multi-drive system, part of the
operating system has to decide in what
order to carry out the many data transfers
requested. In Fig. 4, two drives are on the
correct cylinder, waiting for the desired
block to come under the heads. By refer-

¢1'

b
y gt
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Fig. 2. Three-phase motor control with dynamic braking. Drive power to the motor is
controlled by the two triacs, and d.c. braking by the thyristor. The relay only switches when
both braking and drive control devices are off, During braking, the d.c. supply floats at the
phase voltage since only two phases are triac controlled. The thyristor gate is driven by a

reed relay or optical isolator.
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ence to the current-sector register in the
two drives, the system can decide which
data transfer to make first for maximum
efficiency. For this reason the current sec-
tor register is often called the look-ahead
register.

Cooling and filtration

It has been stated that the ‘flying height’ of
the head is very low indeed. Figure 5
shows the relationship between flying
height and common contaminants. Air in'
the vicinity of the disc and head must be
totally free from contaminants or serious
problems may result. Any particle carried
under the head is likely to weld itself in
place owing to the high relative speed,
then acting as a nucleus for the collection
of further debris. In the absence of a regu-
lar inspection programme, the build up of
debris continues until the flying character-
istics of the head are so impaired that
contact is made with the disc surface. A
regenerative process now begins as the
oxide torn from the pack, welded to the
head by the heat generated, makes a more
effective tool to remove more oxide. This
rare occurrence, resulting from neglect, is
called a head crash and usually destroys
both head and disc. ;

Most of the heat from the spindle motor,
which may be up to 500W, is dissipated in
the air surrounding the disc, so some form
of cooling is required. Cooling and filtra-
tion systems are usually combined as, for
example, in the full-flow air system, in
which room air is drawn in through a pre-
filter to remove large contaminants, such
as hair and fluff, and then forced through
an absolute filter by the blower. The pores
of the absolute filter are so small that noth-
ing much larger than a gas molecule can
pass through them.

The filter is made of a special grade of
paper, which is corrugated and folded to
present a large surface area. Some filters
may have a working area of over 20 square
feet, and yet are no larger than a cereal:
packet. The condition of the filter is moni-
tored by measuring the pressure drop
across it, typically half an inch of water.
Air from the filter passes into the shroud
surrounding the disc, from which the only
exit is through the e.m.a. As a result the
head area is kept clean and heat generated
by the disc and the e.m.a. coil carried
away.

On some units the blower motor also
drives a fan to cool the logic circuits,
power supply and servo-amplifier mod-
ules. On others the blower motor is
dispensed with, and the rotation of the disc
itself draws air through the system. In this

‘case, the circuits require separate cooling.

In a full-flow system, the environment
must be clean if the absolute filter is to
have a reasonable service life.

Where a drive is expected to operate in
an office environment, a closed-circuit
clean air system can be used, in which

.clean air recirculates through the disc, the

positioner and the absolute filter, and
through the ‘clean side’ of a heat ex-
changer. Room air is blown through the
‘dirty side’ of the heat exchanger to cool
the disc and positioner. Mechanical noise
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Fig. 3. Pulses indicating sector positions on a disc are derived from slots cut in the edge of
the protection platter or in the disc hub. A double slot, detected by the circuit shown, is used
to derive a separate pulse for resetting the sector counter.

Desired sector =15
Current sector= 6"~
ds~cs.=9

Desired sector = 7
Current sector = 2
ds-cs.= .5

Fig. 4. Acomparison between the desired-sector register and the current-sector register
tells the logic circuits when the required transfer will take place. Using this information, the
system can schedule data transfers from different discs for greater efficiency. In the
example shown, it is clear that the data biock on the right-hand disc should be read first.
Because of this function, the current-sector register is often referred to as the look-ahead

register.

from a closed-circuit system is lower than
with a full-flow system, a further asset in
-an office environment. Noise from conven-
tional disc-drive blowers is appreciable,
but seldom adds to the existing noise level
*in a computer room. :
Air conditioning is often necessary in

" computer installations, to carry away the
“heat dissipated by the equipment and to

filter the air. Humidity control is also
needed because a low moisture content
causes static electricity problems, whereas
high moisture content causes dimensional
changes to most papers and plastics. The
readability of punched cards, paper tape
and magnetic tape may be affected.
Dimensions of the disc and the compo-
.nents of the positioner are affected by ther-
mal expansion, and temperature control
may be necessary to prevent head/track

misalignment. As the drive may take some
time to reach thermal equilibrium with its

surroundings, manufacturers often specify
a maximum temperature gradient for a
particular unit. Many air conditioners
controlMemperature by turning on and off
the compressor, resulting in temperature
.steps in the air supply. For this reason disc
drives should not be situated close to air
conditioner outlets, but should be allowed
‘to take in air which has had the opportu-
nity to mix. When installing a disc-cooling
system, thought has also to be given to the
‘airflow requirements of adjacent equip-
ment. Many disc drives take in air at the
bottom and exhaust leaves at the top,
.whereas many processors take in air at the

top and exhaust at the bottom. If the units
are badly positioned, used air will recircu-
late, rather than flow back to the air condi-
tioner.

Power supplies and grounding

A typical disc drive will contain circuits of
many different kinds, both analogue and
logical, from low-noise linear amplifiers at

Spindle speed and direction of rotation
information is provided by a snail cam, -
shown here, in conjunction with a
transducer. At the end of the spindle, a
small carbon ground button makes contact
with its mating part when assembled to
provide a discharge path for static
electricity.
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Smoke particle

Flying height

Disc surface

Fig. 5. Common contaminants dwarf the
flying height of a typical disc head,
illustrating the need for air filtration, clean
surroundings and careful handling.

the heads, to high-power e.m.a. drivers;
from slow transistor logic to e.c.l. in the
serial-binary data channel. Many supply
rails are necessary to feed the various com-
ponent families, Fig. 6.

The signal from a readmg head may only
be a few millivolts, and in order to ensure
reliable operation, the read channel has to
be as noise immune as possible. In an
earlier article it was explained that the read
amplifiers are differential for noise rejec-
tion, and the read-write matrix is usually
entirely screened for the same reason. The
remaining circuits must be designed to
cause as little interference as possible.

Spindle

Line
filter

ac. Blower
distribution

2] -—-—-—o\-—L p
2, N

#3 S U
.
E

I

Fig. 6. Disc-drive power distribution is
usually complex because of the number of
different analogue and digital circuits.

— +5V tHl.
e - 5-2V ecl.
dc b—-48V e.m.a. driver
suppl 3 .
regul:l'gfzrs —— Floating 50V d.c braking
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= ]—Analogue cnrcu#s
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Fig. 7. Incorrect grounding at (a) results in current spikes from the t.t.l. circuit appearing on
the analogue output. Separate grounding, as shown in (b), eliminates this problem.

Servo amp.

em.qa.

q— Retract

F55 I

]

L

Servo
signal
Emergency
retract
Power
mohitor

1

Emergency
retract relay

-
Servo

power supply .

—.

Fig. 8. An emergency retract circuit. In the event of a logic circuit or low-level signal power

failure, the posmoner retracts by the normal means. Should the power supply to the servo

amplifier fail, power is supplied to the retract mechanism by an NiCd battery or, in the case
of largerdrives, by an electrolytlc capacitor.
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Switched-mode power supplies are ex-
cluded from the disc drives, but pulse-
width modulated e.m.a. drivers are
acceptable since no data transfer takes
place during a seek, and the servo reverts
to linear operation during track following.
Linear-circuit supplies usually have cur-
rent foldback protection, and the circuit
can usually withstand the raw supply
should the regulator fail. The logic supply,
will, however, have an over-voltage crow-
bar. Some circuit breakers used have a trip

coil whereby the drive can turn off its own

power in the case of an over-temperature
condition or insufficient airflow.

As with all mixed circuitry, the problem
of ground return currents must be elimi-
nated by careful design. Figure 7(a) shows
analogue and logic signals sharing the same
return. Currents from the logic inject noise
into the analogue signal owing to the poor
layout; Figure 7(b) shows a better layout.
Many mixed circuit modules have separate
connections for logic ground and analogue
ground, which may find their way to the
frame through quite different back-plane
routes. The usual precautions must be
taken with the analogue circuitry to ensure
stability, which means, for example, that
e.m.a. driver currents must not cause
ground potentials in the analogue servo
circuit.

In some drives, the grounding is split,
the disc, positioner and circuitry being
grounded to the host processor, and the
frame and spindle motor being grounded
to the a.c. supply lead.

Figure 8 shows an emergency-retract
circuit used to protect the disc and heads
in the event of a supply failure.

Drastic reductions in track spacings,
and hence increases in storage capacity,
may be made if the read/write head’s posi-
tion is determined by information on the
disc surface. Servo systems using these
techniques are described in the next arti-
cle. o

-

Rotation

Nensor Spindie

Alr=delivery Spindie ey

088 \

An interior view of a multi-platter disc drive
showing major rotation and cooling
components.
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DATA ACQUISITION
UNITS

These small data-acquisition units

are designed for use by engineers

and scientists who are not necessar-
ily familiar with computers. Anal-
ogue inputs are converted to 12-bit
digital information, linearized, and
sent to a computer, v.d.u. or prin-
ter in serial form as ASCII charac-
ters. The linearization process,
which may be bypassed, is selecta-
ble for J, K, T, S and R type ther-
mocouples, platinum resistance
thermometers and square-law sen-
sors;cold-junction compensation is
internal but may also be bypassed.
Single character commands, in
ASCII form may be used to control
the data flow through a 20mA loop
(RS232 is optional) to the compu-
ter. Alternatively, for applications
such as data logging, data may be
transmitted automatically. Up to
256 units, each with its own address
may be connected to a single loop.
Field Electronics Ltd, Gill House,
Conway Street, 'Hove, East Sussex
BN33LW.

WW301

PRINTER
BUFFER/INTERFACE

Most microcomputers may not be
used while they are sending in-
formation to a printer. If the prin-
ter is slow, or the amount of hard
copy required large, a buffer
memory may be used to take in-
formation from the computer
quickly and send it out to the prin-
ter slowly, leaving the computer
free. Spriinter, from Mutek, is sich
a buffer with RS232, Centronics
and IEEE inputs and outputs that
may be used in any combination.
Protocol conversion, from say
ASCII to Telex or TTS photo-typset-
ting code, is possible and the unit
may be used as an interface-stan-
dard converter. With 32K of buffer
memory, the Spriinter costs £255
excluding v.a.t.,, or with 16K,
£185. A 6502 microprocessor run-
ning at 2.4MHz is used in the unit.
Mutek, Quarry Hill, Box, Wilts.

ww3o2

INFRA-RED

- THEMOMETER

A none-contact thermometer with
an infra-red sensing device, from

_Prolab instruments, can be used to -

measure temperatures from 50 to
750°C, with a resolution of 1°C.
The meter has a thermocouple in-
put so adjustments may be made to
suit the emissivity of the material
being measured; the thermocouple
range is 0 to 700°C. A 1mV/digit
analogue output is provided and a
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peak hold facility rhay be used to-

store maximum readmgs Up to
200°C, the meter’s readings are
thhm 2° of the actual temperature
and above 200°, £1.5%, +1 digit.

Complete with sensor, the ther-
mometer costs £445. Prolab Instru-
ments Co., Greenside House, Lisle
Way, Emsworth, Hants P010 7XN.

WWw303

‘WW303

GRAPH SOFTWARE

As a follow up to their recently
introduced software for solving ma-
thematical problems, ISM have
brought out Graphmagic, a
program which turns mathematical
data into graphs or diagrams. Pie
charts, line graphs and bar graphs
are among the examples given. At
the moment, the graph software

. €an only be run on the Apple com-

puter but there are plans to adapt
the program to run on the IBM
personal computer and with CP/M.
Mathemagic, however, is available
for Apple, TRS80, and IBM per-
sonal computers and for use with

. any Z80-based microcomputer

running CP/M. International Soft-
ware Marketing, Hayden House, 5-
6 Millmead, Guildford, Surrey
GU25BZ.

WW304

64K DYNAMIC R.A.M.

Plastic-packaged 64K r.a.ms for in-
dustrial use are available from Hita-
chi in 150 or 200ns access time ver-
sions. The HM4864P may be used
as a direct replacement for conven-
tional ceramjc-packaged types and
costs £6.89 or £6.47 in 10-off quan-
tities for the 150ns and 200ns types
respectively. Hitachi (UK) Ltd,
Hitec House, 221-225 Station Rd,
Harrow, Middx.
WW305

WIDEBAND ANTENNA

A relatively small S0W wideband
antenna with a frequency range of
150 to 2000MHz is produced by
Applied Communications. With a
gain approximately equal to a half-
wave dipole, the 9014 has circular
polarization and is suitable for
both, receiving and transmitting.
The manufacturers claim that the
antenna may be used with frequen-
cies from 70 to beyond 3000MHz.

-With its fibre-glass housing, the

9014 measures 650 by 600 by 40mm

and weighs 5.5kg. Applications in-

clude wideband laboratory mea-
surements and general surveillance.
Applied Communications (UK),
Tower Street, Coventry CV1 1]JP.
WW306

TO-3 INSULATING
PLATE

Usually, four plastic washers are
required to keep a TO-3-packaged
transistor’s leads and mounting
screws electrically isolated from its

heat sink. Richco International
have introduced a glass-filled nylon
plate that will replace these four
shoulder washers. Richco Interna-
tional, West Street, Erith, Kent
DAS lAA

WwW307

P.C.B. PROTOTYPING
AID

“'Boards fitted with numerous pillars

are the heart of BICC-Vero’s
Speedwire system. On the compo-
nent side of the board, these pillars
‘form selectively gold plated
contacts into which the leads of i.cs
or discrete components may be in-
serted. Each pillar is terminated by
an insulation displacing tine for
point-to-point wiring on the un-
‘derside of the board; the tines are
reusable and can accept two wires.

Initially, two kits are bemg offered.
One kit contains a 100 by 160mm
Eurocard board, a wiring pen and
wue, and contacts with a manual
insertion tool. A more comprehen-
sive kit comprises a plated-through-
hole Eurocard fitted with contacts,
wiring pen and wire. BICC-Vero
Packaging, Industrial Estate,
Chandlers Ford, Eastleigh, Hants
SO5 3ZR.

WW308

-
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HARMONIC SCALES

Digital displays are accurately rea-
dable, can contain as many digits as
the associated electronics can
support and give the impression
(though not always the reality) of
authority. For many purposes they
are ideal: for others they cannot be
used at all. If the reading changes,
the display can be confusing and
gives a poor indication of the direc-
tion of change, its speed or of what
proportion of full scale the reading
occupies. In these circumstances,
an analogue indicator of some kind
is a great deal more informative, so
that the use of two meters is the
ideal.

In a development claimed by Si-
fam to be unique, both kinds of
indicator are used in one instru-
ment. The Harmony is a multi-pur-
pose meter which possesses the
usual kind of liquid-crystal, numer-
ical display (albeit in several
colours), but with an associated bar
indicator on the same panel. Mea-
surement accuracy is the province
of the digital readout, the function
of the bar being to indicate the
reading fairly coarsely, following
changes to show the direction and
rate of change and the position of
the digital reading against a back-

ground of full scale. The bar can be.

left, right, centre or offset zero, and
both displays may be of the
suppressed-zero type.

By means of a built-in micropro-
cessor and e.p.r.o.m., the meter
can be used for a variety of func-
tions, can display any desired unit,
and can cope with non-linear char-

* ‘acteristics. Relevant information on
range, units in use, decimal-point
position and function selected
appears on the display.

Harmony is made by Sifam Ltd,
Woodland Road, Torquay, Devon
TQ2 7AY and costs £35 in small
quantities.
wWWwW309

BRIGHT LEDS

Seven-segment l.e.d. displays giv-
ing light outputs in excess of Smcd
at 10mA/2V are available through
IMO Electronics. Both common-
anode and common-cathode types
are available in heights of 8, 10,
12.5 and 15mm. Pin spacings of the
6000 series displays conform to the
standard 0.lin matrix. These
displays are “ten times brighter
than -other manufacturers’ equiva-
lents”, and “have an unsurpassed
uniformity of brilliance”, claims
the distributor. IMO will not say
who manufactures these leds, but
they assure us that they are made in
Japan. We encountered exactly the
same response when we approached
the blue led’s distributors (WW,
May) but we are almost certain that
there are only two major Japanese
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manufacturers making blue leds —
Matsushita and Sanyo (neither UK
subsidiary has these blue leds or
any knowledge of a deal). Finding
out who might manufacture these
seven-segment displays is going to
be a harder task. IMO Electronics
Ltd, 1000 North Circular Road,
Staples Corner, London NW2 7]P.

WWw310

16K STATIC R.AM.

A second-source device, the
MV5516 c.m.o.s. static r.a.m., is
the first large-scale integration
memory to appear from Plessey
Semiconductors. The manufactur-
ers say that their 2K by 8-bit word
‘memory will be attractive to UK
buyers requiring large quantities
and reliable after-sales back up.
Two chip-enable inputs are used,

" one for memory access in 250ns and

the second, for 0.25pW power con-
sumption in standby mode. While
operating, the device consumes

SRR . .
e i

around 200mW. The 24-pin pack-

age has the same configuration as

the 2716 e.p.r.0.m., and its outputs

and inputs are t.t.l. compatible.

Plessey Semiconductors Ltd, Chey-

ney Manor, Swindon, Wilts SN2
_2QW.
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L LA

'RESIDUAL-GAS

ANALYSER

Sputtering-vacuum impurities
cause problems in semiconductor
manufacturing processes. Accord-
ing to CVC, manufacturers of the
Miniquad gas analyser, total-
pressure gauges often used to judge

" impurities in this application have

limitations in that they are not cap-
able of measuring individual resi-
dual gases accurately. Their instru-
ment will detect partial pressures of
all gases of interest and can be used
to initiate a sputtering process auto-
matically once a desired partial
pressure has been reached. Besides
gas analysis, the apparatus aids de-
tection of leaks, vacuum fin-
gerprinting and impurities. Detec-
tor heads are interchangeable so the
unit may be used for monitoring in
different types of system. CVC
Scientific Products Ltd, Eastheath
Avenue, Wokingham, Berks RG11
2PW.
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DP-824-24 PRINTER KIT SPECIAL OFFER

If you would like further data on this or the complete
range of Printers and Interfaces, please contact us.

SAVE £33.89 (UK ONLY)

To compliment the excellent article in this
issue of Wireless World, Roxburgh Printers
Ltd are making an offer of:

1pc DP-824F-24 Printer Mechanism
1pc DPC-4A Controller Chip

1pc 82910180 Paper Tear Bar

1pc 8002 Paper Roll Holder

1pc 114080-RO-000-SP-P Paper Roll

Normal price with carria d VA
Noya! ge and VAT wguld be

Offer price inclusive of carriage and VAT is £85.49

Cheques should be made payable to Roxburgh Printers Ltd.

ROXBURGH

PRINTERS LIMITED

22 Winchelsea Road, Rye, East Sussex.
Telephone: Rye 073 73) 3777. Telex: 957066

WW — 069 FOR FURTHER DETAILS
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Cleaning Brushes for
GoldEdgeConnectors

A long lasting brush where a light brushing action -
‘will remove oxidation, dirt, grease, etc., and polish
the gold surface witheutseducing the thickness of

ng the work yifati.
tured from pire s

Eraser International Ltd.,
Unit M, Portway Industrial Estate,
Andover, Hants SP10 3L U,

LION TELETEXT PRESTEL
| ADAPTOR

why buy two separate adaptors when one will do?

% PRESTEL

% TELETEXT

Our adaptor has the plug-in Lion Teletext or Prestel and Teletext

board which is used in our Television TXV 66 and our Ferguson

Colourstar adaptor. Features include: full infra-red remote

control, printer facility, fuil alphanumeric keyboard or

microcomputer input, cassette recording output, autodial of

Viewdata numbers, eight-page memory option, local editing
facility and many other features.

Realistic Prices:
AXV03 £250 AXV04 £199 (Teletext only)

LION TV, 18 HARCOURT TERRACE
" LONDON SW10. 01-373 5218

Tel: Andover (0264) 51347/8 Telex: 477291

WW - 067 FOR FURTHER DETAILS
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Professional lity el i nts, brand d full teed. Mail order by
HEMMINGS Gcmoyesare IR e e e

ics Ltd.

16 BRAND ST Official ders froi schools, cofleges and universities welcome. Trade and export enquiry
HITCHIN ;,?I: {0462) 33031 5.30p: :zgngd 60p to gll orders under £10. Telephone your Access orders, using our 24-hr.
HERTS op open Mon.-Sat. §a.m.-5.30 p.m. Ansaphonae sarvice.
Closed sll doy Wednesday VAT — All prices exclusive of VAT — Please add 15% to total cost including P.&P.
SG5 1JE No VAT on export orders or books. I
B I |TR2e  n!N200s. 30n|caes 12980 | Alargerange (SOLDER BOCKEN
BC308A  15p | TIP32 50p | SN2805A 30p | 6845 795p of Vero Pins Maie Female  Hoods
BC3088 15p |TIP32A  $0p | 2N2906A 30p | 6850 165p { productsin Sway 95p 120p 60p
B8C308C  15p | TIP32B 60p | 2N2907A 25p | 6852 250p stock 15 wa 135p 155p G4p
8C309 15p | TIP32C 65p | 2N3053 30p | 6854 795p 25wav 205: 235p 67p
i B8C309C  15p | TIP33 85p | 2N3054  70p | 6875 4395p 37wa¥ 270p 335p TSP
i BC327  15p |TIP33A  85p | 2N3055  50p | 8T26A  140p Voltage : ;
o BC328  15p|TIP338  70p[2N3439 80p|8T95  105p| Regulators Catbopirliiniras st
L BC337 A15p | TIP33C 75p | 2N3440 B80p | 8796 105p + Ve 5%. E24 series
L BC338  15p |TIP34 75p | 2N3771 180p | BT97  105p 100mA Taw &T2W 10-10M 2p
i BCY70  20p{TIP34A  75p | 2N3772 180p | 8T98 105p| 7805 20p
G BCY71  20p [TIP34B  99p|2N3773 250p | BT2B  140p| 7808  30p
L BOYZZ A \Tiwc s N 1) s0a  jeldaliz  dom( v, (LMK e
5 SP[BDI36 480 |TiPstA o8| 2N3s23 '95m|siss  esop| om0 3P |sei05  3sp |723 35p
L BD139 45p | TIP35B  170p | 2N3824  95p | 8212 170p| 79L12 35p
Y 8D140  45p |TIP35C  185p [ 2N3%03  15p| B216 170p S00mA 79L15 35p | Alarge range
i BD165  45p |TiP36  170p | 2N3904 15p| 8224  200p| 78MOS of Tantalum
b BD166  4Sp [TIP36A 175p | 2N3305 16p| B226  275p| 78MO6  5%p 1A Bead
b BD169  45p |TIP36B 105p | 2N3%06  15p| 8228 280p( J8MOB B8P | o, M gg, | capacitors
I BD170  45p |TIP36C  199p | 2N4391  70p | 8251 30p) 18M12 - 509 | 2006 700
L BD677 80p | TIP41 50p | 2N4392 70p | 8253 800y 78M18 55" 7908 70p We have much
L g%;gA & H:ﬂe 55p | ZN4400  20p | 8255 300p J8M24 559 7912 gop | Merein stock.
L 60p | 2N4401  25p| 8257 800p P 7915 60p Please phone
LS38 BDESOA  B5p [TIP41C  60p | 2N4402  25p| B259 880p 7918 70p | fordetails or
LS540 BFYSQ 25p | TIP42 58p | 2N4403  25p | 8279 950p 1A 7924 g5p | send s.a.e. for
842 BFY51 25p | IP42A 80p | 2N4410  45p | MC1408 295p| 7805 5p P il price tist
1547 12p | BF244A  30p | TIP42B 75p | 2N4416  95p| MC1488  60p| 7806 65p
S48 15p | MJE241  80p | TIP42C 75p | 2N4856 80p| MC1489 B80p| 7808 65p OTHERS 2
249 12p | MJE251  80p | TIP47 50p | 2N4857  B0p| MC3459 265p| 7812 80p | LM309K 130p | Precisiontools,
i 801088 15p | MJE340  50p|TIP4s 50p | 2N4858  80p| 75491 80p| 7815 60p | LM317K 295p | soldering
¥ BC109 12p | MJE350  90p | TIP49 50p | 2N4918  95p| 75492 80p( 7818 65p | LM317T 185p g:":-e ef‘:; .
e BCiooR 1sp| MIESTO  SSp|TiPo  4sp | NdSTs 1200 ik Fesp | It IRetel Ul
t OB Ml il I den ) wewonss It
i Egig %:.r% VTR il 73‘6'.: pNae2s '-;gE 21142000 | DIt SOCKETS RUBBONCASLE | eurocarn S e C ance
; 4 I |BCIEZA 100 MeSooas sup|Teizo o | aNafaz s AR 0| - poveing | Sinle Dble iy ; v
(S5 famo  mep|BCIS28  10PIMPSAGs 20p |Tibisl  100p | 2NS195  4dp| "y, | 8pin 10p 30p EndedEnded o, 207 ¥ gy ever C know
LS86 183 - 2-450n 16pin 12p 45 Plug {Solder)
135 atio 4 \sCiec o\ MESAIS 2 |TONEE e | | 779N, 16bin 12p 48 Gy T 2oe o
oo 44115 426p |BC1aaC  10p | MPSATS ‘Zgl;’ 2R aos Ks 4116-200n 85p %8352 ;2: 60p |22 & g; Plug) (Wire .
R e Bl 1o\ MpaAdz 25p|Tipla0 130 | zBoacPu ssop| V17" ggny 240in 259 700 | "iBBON Wrap)  326p) . y L.L.P. are the world’s
iSss8 L) | 2210 1 MESALS 30| Tioias  1ee | Z00ACTE Tamp | 61671500 goq |40min 301200 16war Sp . It's something you have always wanted....something to build largest designers and
LS109A TS MemiBcaic 19| MESAY) Sop|Tieis  1oop |ssbo. | so0p Ziway SToR your equipment into that's smart, modern, strong, adaptable manufacturers of ii-fi audic
Ls1za 2z oo BS2i4c 100 |MPSAS2 30p|TIP147  170p (68 _ to requirement and not expensive. The ‘UniCase’ is yet another i 3
il B wlaim D|TERs BlTRE TSR %l cresvours | Eponmeorms s triumph of I.L.P. design p%licy. It presents totally pyrofessior?al ity
: [ iR DR miwn 2 \EeF i S .. = appearance and finish, ensuring easier and better assemolyto  bk+P: plongered encapsulated
L Lva7 - sop|Bezsec 12|\ DR BOPI2NGle 30n |ashrt  Z5on|aahn 196an| Fionpy Discs (e SSSD) £195010 make it equal to the most expensive cased equipment. pawer amps and pre-amps for
LM3IIN  ®p|BCZISC 120 TP a2t ) 1335) 40pin  T64p RAM for BBC Micro — Phone for Price The all-metal ‘UniCase’ is enhanced by precision aluminium enhanced thermal stabil iy,
extruded panels engineered for speedy and perfect aligned mechanical protection and
WW — 059 FOR FURTHER DETAILS assembly within a mere five minutes. Designed in the first case durability?
- to accommodate 1.L.P. power amps with P.S.U’s, the range There are TWENTY powe
0 .LP. 9.U’s, re W power
. will shortly be extended to house any other modular project j
t h THE POWERFET 5 projects. . amplifiers from 15 to 240 watls
pantecnnic SPECIALISTS _l' RADF OR DJ ‘ RMS including the very
WHAT WE DO FOR CONSTRUCTORS latest super-quality Mosfets to
: - . . ' : chooss from?
ERFET AMP”HER MODULES ! . . Ouy product range is now so vast we cannot possibly hope to show it ‘
POW R. IFIER _ ‘ Audio Measuring Instruments, all in our advertisments without overcrowding or abridging TWENTY pro-amp modules
The people at Pantechnic have been designing with powerfets since they first hpl information to the point of uselessness. So we have devised . i
became commercially available. Their experience of powerfet amplifiers, coupled A d : A | |f| ers LO u dspea ke rs ; 4 - S0 we have devised a solution allow you to incomorate
with their insight into the sources of non-linearity often neglected by others, has uaio m p 7 which we invite you to take advantage of without defay. ALL YOU NEED exciting professional
resutted in a new range of powerfet amplifiers that are fast, tough, linear and a nd Loudspea ker Co mponents for 88FI!SN|:EI\';VLEISh'T%h(')DI\A[;>ORWARD THE COUPON BELOW TO RECEIVE applications to your equipment
cheap. . . REHENSIVE 1.L.P. CATALOGUE POST FREE BY
MODEL  (ConinupusAMS) TYPICALLOADS NOTES | | | theprofessional and enthusiast RETURN. It gives full details of all current |.L.P. products for the mzwm :;:liaweto
A SO 500 40,80 Physically small cqqstructortogqthqr with prices, fullht'echnical and assembly details, 4 ars 3
: 26mm x 76mm x 108mm RAD FORD AUDI (0] LTD wiring and.circuit diagrams etc. and it's yours, FREE. You don't even exparimenters
PFA 200 100W-300W 40, 80 High Watts per £ ratio : ) . have to stamp the envelope if you address it the way we tell you LL.P. are supphiers to
PFA 500 250W-600W 20, 40, 80 257 co;mnuous output 10 BEACH ROAD y tiia iiB c 'Pgi"’ NAS s
curren . o e 4 4 g -
PFA HV 200W-300W 40,80,160  5dB dynamic headroom WESTON-S-MARE, AVON BS23 1AU ket Aok A,i iy
~ Drives 70V line direct " TEL. 0934 416033 Aprins . l F Racal i’arr;slf!?‘;’mm s
Key features: ] - d . G.E.C., Ralls
1) RELIABLE - F;owekrget freedom from thermal runaway and secondary WW — 066 FOR FURTHER DETAILS MODULES ELECTRONICS LTD chﬂ elg? i ;‘
reakdown < -
2) LINEAR  — TID zero, IM/THD < 0.01% {full power, mid band THD M FREEPOST 5 4
3) FAST glmnrta‘;eogosgms (45wgs type) ] Ic R 0 PR 0 c Ess 0 R ?I?AI-:‘AM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7EP = .
, - Sl 30V/uS, elephone Sales (0227) 54778 Technical Only (0227) 64723 Telex 965780 s are despatched within 7
4} QUIET — Signal to noise ratio 120d elex i wi "
5) BRIDGEABLE — {100, 200, 500 without extra circuitry) d APPLI CATI 0 N S HAN D B 0 0 K SEND Coup ON FREEPOST _ tays of your order reaching us and
6} STABLE — Unconditionally ) ' by D. F. Stout £31.00 Mark your envelope clearly FREEP i covered by our 5 year no-quibibl
7) LOWCOST — 10watts to 20watts per £, dependlng on model and quan- . y ] (NO STAMP NECESSARY) ILP);t e apbov . WV R StOST 5 and post it WITHOUT a stamp to t bg ye Q u
tity Electronic Components and Systems by W. H. Dennis £13.50 F OR YOUR FREE € e. We pay postage when your letter reaches us. . guaraniee
{ As they stand these modules suit most P.A. and industrial applications and satisfy The Electronic Office by D. éaféiﬁt M ios by W. A Trieit:eal'so s SE—e S, SIS SN SIS SIS RSN e e W e WRAN et was —-1
all foreseeable aldiophile requirements. (The HV is aimed at digital audio.) H/B of Semiconductor and Bubble Memories by VV. A. 5% l L P CATALO To: I.L.P. ELECTRONICS LTD. )
Where aspects of performance fail to meet specific requirements {e.g. in speed ] i . % - 3 R . L olmol o GUE PLEASE SEN Name: I
or power) low cost customising is often a possibility. Alternatively entirely new Practical Techniques of Electronic Circuit Design by R. L. SEND ME |.L.P. CATALOGUE, |
boards can be produced. _ ; Bonebreak £25.00 AND OPEN UP POST PAID BY RETURN
Pantechnic make more than just PFAs. Loudspeaker protection boards and the Digital Integrated Electronics by H. Taub- £9.95 : Address: I
quietest, lowest distortion preamp boards currently available are just two of an Electronic Devices and Circuit Theory by R. L. Boylestad £10.95 To A »
R qpnding rargc Sy The Soul of a New Machine by T. Kidder £8.50
‘Pantechnic sell high quality power supply and other components at excellent . ' N I
prices. C LT ; % PRICES INCLUDE POSTAG&%?%(ge * EW WORLD OF | HAVE/HAVE NOT PREVIOUSL
RS TTT o e THE MODERN B SLY : |
pANPT'éE?&'}g ?;:;: ww7 ) Techn::coal:tgr;? P Specialist in Scientific and Technical Books QUALITY & VA LU E BUILT WITH LL.P. MODULES
17a WOOLTON STREET Phil Rimme? J 15/21 Praed Street, London, W2 1NP bl L e e el I e — J
LIVERPOOL L25 5NH on PHONE: 01-402 9176 : Closed SATURDAY 1p.m. I.L.P. products are available also from Henry's, Marshall’ ic &
Tel. 051-428 2651 01-800 6667 Please allow 14 days for reply or delivery | 0"77 ey s MaRRYS Iechugraticd Watiglo,
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LINSLEY HOOD CASSETTE RECORDER 2

Our new improved performance mode! of the Linsley Hood Cassette Recorder incorporates our
VFL 910 vertical front mechanism and circuit modifications to increase dynamic range. Board
layouts have been altered and improved but retain the outstandingly successful mother-and-
daughter arrangement used on our Linsley-Hood Cassette Recorder 1. 4
This latest version has the following extra features: Ultra low wow-and-flutter of ,09% — easily .
meets DIN Hi-Fi spec. Deck controls latch in rewind modes and do not have to be held. Full Auto-
stop on all modes. Tape counter with memory rewind. Oil damped cassette door. Latching record
button for {eve! setting. Dual concentric input level. controls. Phone output. Microphone input
facility if required. Record interlock prevents rerecording on valued cassettes. Freguency generat-,
ing feedback servo drive motor with built-in speed control for therma stability. Al these desirable
and useful features added to the excellent design of the Linsley-Hood circuits and the quah(l of
the components used makes this new kit comparable with built-up units of much higher cost than
the modest, £94,.90 + V.AT. we ask for the complete kit.

LINSLEY-HOOD CASSETTE RECORDER 1

T -
We are the Designer Approved suppliers of kits for this excellent design. The Author’s reputation,
tells all you need to know about the circuitry and Hart expertise and experience guarantees the
engineering design of the kit. Advanced features include: High-quality separate VU meters with
excellent ballistics. Controls, switches and sockets mounted on gCB 1o eliminate difficult wiring.
Proper moulded escutcheon for cassette aperture improves appearance and removes the need
for the cassette transport to be set back behind a narrow finger trapping siot. Easy to use, robust
-Lenco mechanism. Switched bias and equalisation for different tape formulations. All wiring is
terminated with plugs and sockets for easy assembly and test. Sophisticated modular PCB system
gives a spacious, easily-built and tested layout. All these features added to the high-quality
metalwork make this a most satisfying kit to build. Also included at no extra cost is our latest HS
16 Sendus Alloy super hbad, available separately at £8.20 but included free with the complete kit
at £75 plus VAT, .
Reprints of the 3 original articies describing this design 45p. No VAT.
Reprint of the subsequent postscript articie 30p. No VAT.

PRACTICAL WIRELESS ‘WINTON' TUNER

Brilliant new Ted Rule designed Tuner with everything! Gives you fantastic stereo f/m reception i
with pilot cancelling decoder i.c., fluorescent display, digital frequency readout along with clock
and timer functions. In addition to f.m. covers fL.w., m.w., s.w. and even TV sound. Further details*

are in our lists; send for your copy.
Part Cost of Post, Packing and Insurance

Order up to £10-50p y
Orders £10 to £49-£1 pgp Export
Over £60—£1.50

price breakdowns. )
Instant easy ordering, telephone your
‘requirements and credit card number to us'on
g Oswestry (0691) 2894.

Orders —Postage or shippir{g atcost plus
£2 Docurmentation and Handiing- ) =

Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and

LINSLEY-HOOD 300 SERIES AMPLIFIERS

s
These latest designs from the drawing board of John LinsIey-Hgod, engineered to the very
‘highest standard, represent the very best that is available on the kit market today. The delicacy
and transparency of the tone quality enable these amplifiers to outperform, on a side-by-side
comparisan, the bulk of amplifiers in the commercial market-place and even exceed the high
standard set by his earlier 75-watt design. . .
Three versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-watt,
both with Mosfet output devices. All are of identical outside appearance which is designed to
match and stack with our Linsley-Hood cassette recorder 2. . . -
As with all Hart kits the constructors interests have been looked after in a unique way by reducing
the conventional {and boring) wiring almost to the point of extinction. : .
Any of these kits represents a most cost-effective route to the very highest sound quality with the
extra bonus of the enjoyment of building a sophisticated piece of equipment. w
30-watt Darlington amplifier, fully integrated with tone controls and magnetic pick-up facility.
Total cost of al?pa rs is £81.12. Special offer price for complete kits £72. ’
35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer for gomplete kits, E87v.40.
45-watt Mosfat amplifier. Total cost of parts £104.95. Special offer price for complete kits £94.89.

[Reprints of original Articles from Hi-Fi News 50p. Post free. No VAT.
Reprints of MOSFET article 25p. No V.A.T. Post free.

~ FEED YOUR MICRO BYTES WITH OUR
SOLENOID CONTROLLED CASSETTE DECK

“Front loading deck with full solenoid control of all functions including opuqnal read in fast wini
modes. 12 v%n operation. Fitted 3-digit memory counter and Hall IC Moation Sensor. Standard
erase and stereo R/P Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full

“technical specification included.

HART TRIPLE-PURPOSE TEST CASSETTE TC1

One i ive test bles you to set up VU level, head azimuth and tape speed.
invaluable when fitting new heads. Only £2.70 plus V.A.T. and 50p postage.

CASSETTE HEADS
HS 16 SENQUST ALLOY SUPER HEAD. Stereo R/P. Longer life than Permalloy. Higher output than
Ferrite. Fantastic frequency response. Complete with data £8.20
HC20 Stereo Permalioy R/P head for replacement uses in car players, etc..... £4.25
HMBS0 Stereo R/P head for METAL tape. Complete with data £7.20
H561 Special Erase Head for METAL tape . £4.90
H524 Standard Ferrite Erase Head £1.50
4-Track R/P Head. Standard Mounting . £7.40
R484 2/2 (Double Mono) R/P Head. Std, Mtg 3 £4.90
ME151 2/2 Ferrite Erase. Large Mtg. lsgg

CCE/8M 2/2Erase. Std. Mtg.

All prices plus VAT
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AUDIO SIGNAL GENERATOR
FIRST-CLASS PERFORMANGE
AT VERY LOW COST

e b
Distortion v RMS
below .002% Qutput. Attenuated
10Hz/100 Khz Sine/Square Wave
£41.60 {Kit £35.65)
{Model 149) (Model 146)
+ P.P.£2.25

N . <l .
Aiso available with frequency readout meter. Send for lists
on function gen, THD meters, millivoltmeters, etc.
Based on Linsley Hood designs
TELERADIO ELECTRONICS, 325 FORE STREET, LONDON N9 OPE

Telephone 01-807 3719 Closed Thursdays

INSTANT PRINTED CIRGUITS!!

Make your own - to professional standards — within minutes using
either “Fotolak’ Light-sensitive Aerosol Lacquer or Pre-coated board.
No Darkroom or Ultra-violet source needed!

Fotolak aerosol..........ccu.... £2.50 (30p) Developer ........ccoceveeiouen £0.30{15p)
Ferric Chloride............n.... £0.60 (45p) Acetate Sheet................... £0.15 (150))L

Single-sided ................ £2 ft. sq. (45p
Double-sided £2,25 ft. sq. (60p}

Pre-coated Fibre-glass Board: N
8''x4Y2""...£1.75 (26p) 16"'x9"........£7 (60p)  24''x18"’...£18 (£1.70}
8"x9".......£3.50 (4bp) 24"'x12"..f13(£1.20) Eurocard £1.25(25p)"

Copper-clad Fibre-glass Boards:

b . Double-sided Board (all sizes) add 20%
Postage individual items in brackets. Maximum charge £2 per order.

WHITE HOUSE ELECTRONICS
P.0. Box 19, Praa Sands, Penzance TR20 9TF

Telephone: Germoe (073-676) 2329

WIRELESS WORLD JULY 1982

Chiltern Electronics
| B.C.M., Box 8085, London WC1N 3XX. Tel: 049% 714483

.. MAIL ORDER BARGAINS
All prices include VAT and Postage — Same-day despaich

PROFESSIONAL ASCII KEYBOARDS
Beautiful 75-key ASCII encoded keyboards in very attractive case. Reed switch
keys, all control keys, and 8 LED status indicators. Single Sv rail, all TTL
encoding. Complete with circuit. List price £475.
Our price New £46. Or slightly used £34.50

Toroidal
sformers

THE COTSWOLD
“BUDGET RANGE" OFFERS
BUILT-IN QUALITY COUPLED

TO A RELIABLE GOULD SWITCH-MODE POWER SUPPLIES, Sv 20 BRAN
. o D
» DELIVERY SERVI CE NEW). These little pocket size modules weigh less than 4lbs, b‘a::n g:liv(cr full 20
P Y M amps at 5v. Add a pot to make variable 0-6v, or connect in series for higher
OST TYPES voltages. 0.1% Regulation and full over V/I protection. List price £250+ ]

FROM STOCK ................................................................. P so0n ghot .. Our price £40.25

PROTOTYPE PC CARDS. Over 200 Common ICs (most 7400 series) in wi
wrap sackets on useful wire-wrap cards. ICs/Sockets eésily rcmovciiﬂlcgol?.mv;gf

IEC 65
VDéE PPl Only £11.50
S 415 i
TO ORDER DEC PD?EXIC.IV%RGMNS
prione | | | el nesuss i - cocoMB ik . i
TELEX, WRITE ‘s’,‘?é’%,ﬁ(?é35%}{‘},‘?.5-{3%?“’53‘5‘,5{-""- ...............
FOR DATA SHEET PDP 11/40 96K Core KT11-D DLLL. ... .. 32DISR+RSTS
AND PRICE LIST PDP 11/03 64K + SMB DRI-32 Disk and Control ..

PDP8E Processor 16K Core, Prog. Console .............
PDPSE + TUS56 Dectape + OS8 Operating System

o
_BAl LTD. THIS MONTH’S SPECIAL OFFERS
3The. Minories, London EC3N 1BJ. 01-4883316 - geﬁlztﬁlé d]i:;tapo}ilntlllqo Consgtlner in desk with VDU, twin floppy drives and
p { sy wheel printer. Only ................. e T —— £800+ VAT |
C ot SWO I d E I e CtrO nic S LTD. Diablo Hy-type daisy wheel printer, with no case.......................... £220+VAT
Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX FOR MORE DETAILS

TELEPHONE NIGEL DUNN ON 0494 714483, ANY TIME

Telex: 897106 = .
O For regular copies of our catalogue please send postcard with address

Tel: 0242-41313

WW — 078 FOR FURTHER DETAILS

WW — 081 FOR FURTHER DETAILS

T) MARKETING Ltd.

D&R Electronica was founded over 10
years ago with the aim of developing and
manufacturing high quality mixing
consoles for the studio and entertainment
industry with a special emphasis on value
for money design engineering. The result
. is arange of five basic models with a
large number of channel configurations
qnd options. All models are highly fiexible
in use and give the best quality possible
at todays state of technology.
SERIES 200 — A smali mixer specially
designed for four frack recording.
SERIES 600 — A range of mixers for live
amplification, broadcast studios and two
track recording.
SERIES 400 — ‘In-Line’ mixing consoles for
budget 4, 8 or 16 frack recording.
SERIES 1000 — A range of comprehensive
In-Line’ consoles for professional
recording studios.
SERIES 8000 — Top of the range ‘In-Line’
consoles with integral patch bay for top
recording studios. A large number of
ancilliary signal processing units -

SERIES 600/12
CONSOLE

SERIES 600

The D&R SERIES 600
range of professional
mixing consoles has found
its way into hundred:s of
(hospital) broadcast studios,
discotheques, clubs, entertain-
ment and outdoor Public Address
systems and recording studios.
Availablein 6, 12, 18 or 24 channel :
configuration with, as standard, separate
balanced mic. and line inputs, insertion points,
gain, three band tone controls, two auxiliar lines,
ggrng')% r?nne? ITlﬂecr ftodfr, plfus pre-fcde-liﬁtening and overload LED
. Ine output section includes four maste
return and phones cgntrols and two large V.U. mcestfeerrsf.oders, P2 D e SR programe.
Optional XL_R-3 connectors, 48 volt phantom powering, stereo i zlggslgz-comple'e WS e
;;whict:grr:eesls gv(;tlh R.I.AdA. correction, talkback, fader controlled start . CID&R Serles 200 - LIDSR Serlos 400
Y ance . . eries 400 LCID&R Series 4
ek ced outputs and 24 volt D.C. mains poweringare B pggseries 8000 DED&R Ancmm::yoo
quipment

DOIBULLET loudspéaker components
OVITAVOX loudspeaker equipment

See our stand at A.P.R.S. 82, International Exhibition of Professional Recording Equipment,

23-24-25 June, 1982, Kensington Exhibition Gentre, London OHELIOS mirror bails
NAME
D.S.N. MARKETING LTD, Westmorland Road, London NWSSRJ g ADDRESS
Telephone: 01-204 7246. Telex: 895 4243. VISA
Trade, Wholesale, O.EM, & Export enquiries welcome. —
: WW — 007 FOR FURTHER DETAILS
WIRELESS WORLD JULY 1982 ' B

WWW americanradibhictory com



item

Item
No.

No.

1 TEKTRONIX PORTABLE OSCILLOSCOPE type 422. Oual Trace
2 TEKTRONIX STORAGE MONITOR type 613

3 TEKTRONIX Ouaj Trace OSCILLUSCDPE tvpe SHIA with CAPlug-
4 TEKTRONIX CURVE TRACER type 57
5 TEKTRONIX AMPLIFIER type 1121
6 TEKTRONIX SAMPLING PLUG IN type 151
7 TEKTRONIX PLUG-IN type D Single Trace High Gain DC Differential
8 TEKTRONIX PLUG-IN type E Single Trace Low Level AC Differenti
9 TEKTRONIX PLUG-IN typa G Single Trace Wide Band DC D:ﬂeruntl
10 TEKTRONIX PLUG-IN type L Single Traca 30MHZ High Gain ...
11 TEKTAONIX PLUG-IN type M 4 Trace OC-20MHZ.

12 TEKTRONIX PLUG-IN typa O Oj i Amplifiar

13 TEKTRON!X PLUG-IN type Q Transducer & Strain Gauge
14 TEKTRONIX PLUG-IN typa R Transistor Rise Time ....
15 TEKTRONIX PLUG-IN typa W Diffarantial C
16 TEKTRDNIX PLUG-IN typa Z Differential C
17 HEWLETT PACKARD LCR BRIOGE !vpu 4251A
18 HEWLETT PACKARD QLC METER 1ty

19 HEWLETT PACKARQ OC CURRENT SOURCE%ygs 6181B II-IIIW 0-250M
20 HEWLETT PACKARQ WIDE RANGE OSCILLA Rtvpa

23 HEWLETT PACKARD DC MICRO VOLT AMMETER type 425A.
24 HEWLETT PACKARD DSCILLOSCOPE 182A with 1808A and 1825A. 75MHZ DuaI

Tvace DeIag
25 ACKARD IJIGITAL VOLTMEIERJ 0}
2% HEW ETI PACKARD VACUUM TUBE VOLTI ETER tvpo ‘4108 with Proba:
27 MARCONI IN SITU UNIVERSAL BRIOGE type TF2701, Battes &Oparalu
28 MARCONI WIOE RANGE OSCILLATOR typa TF1370. 10HZ-1
23 MARCONI (SANDERS) MICROWAVE POWER METER typa 6598...
30 MAREONI UHF SIGNAL GENERATOR type TF1060
31 MARCONI FM SIGNAL GENERATDR aTI"‘IU77/I 19.7-1025MHZ
32 MARCONI UNIVERSAL BRIDGE type
33 MARCON! VARIABLE ATTENTUATOR
34 MARCON! UNIVERSAL BRIDGE Wﬁ)
35 MARCONt AM/FM SIGNAL GENEHATOR TFS35A/3/S {CT402) 1.! 5»220MHZ
36 MARCONI AC MILLIVOLTMETER type TF2600 10HZ-5MHZ; TmV-300V...
37 B&KACCELEROMETER PREAMP IFIER type 262
B & K DEVIATION BRIDGE type 1503
B & K DEVIATION BRIDGE tv#w 1504
B & K MICROPHONE AMPLIFIER type 2602....
B & K MICROPHONE AMPLIFIER !‘ pe 2605...
g : § BEAT FREQUENCY OSCILLATOR type IUIJ
B&K
B&K
B &

8

BEAT FREQUENCY OSILLATOR type 1018
AUDIO FREQUENCY SPECTROM Rtvpa 2112
FREQUENCY RESPONSE TRACER

K LEVEL RECORDER typa 2305. 50d|

4 TEXAS SILENT 700 PRINTER Mode! KSR733 ~ 300 baud....
48 CALCOM UM PLOTTER M d I

49 MOSELEY \VEFORM TRANSLA & £50
50 HDUSTON INSTRUMENTS LOG VOLTM ER-CONVERTOR Model HLVC1SD......... £75
51 POLARAD FIELD STRENGTH METER type FIM-B2 with RF Tuning Unit FIM-X2 7%9—

10,000MHZ
52 PDLARAD MICROWAVE RECEIVER MODE! R with RF Tuning Units covering wo-
2050MHZ and 7400-22,000M £150

£BRLS8

S5R582888

Pnlanunmolnr Brand new with accasso-
£650

65 As Abova but SPEED 45.5 -50 -75

83 As above but NO CASE 145
84 PHILIPS FM STEREO GENERATOR tvoa PM6455. Separate L & R Sighals Carrier Fraq

-J00MHZ
85 PHILIPS CDMPARATOR 278KHZ
86 PHILIPS AUTOMATIC ELECTRONIC VOLT OHM METER type PM2405 .
87 KAY ELECTRIC VARI-SWEEP Mndul 4(1)1 470M

28
=z

P>

53 POLARAQ MICROWAVE SIGNAL GENERATOR Model MSG-1950-2400MHZ
54 POLARAO MICROWAVE SIGNAL GENERATOR Model MSG-2 2150-4600MHZ .....£150
55 GENERAL RACIQ MICROWAVE OSCILLATOR type 13608 1.7-4.1GHZ . £215
56 GENERAL RAQIO FREQUENCY/DISCRIMINATCR METER type 1142A. 0-15MHZ ... £35
57 GENERAL RAOIQ OSCILLATOR 1209C; 12090L; 1215C with Power Unit type 12638{53—5

MARCONI AM/FM SIGNAL GENERATO
type TF1066B/6S
10-470 MHZ in 5 bands
£275 each
WAYNE KERR COMPONENT BRIDGE
type B521(CT 375)
Resistance 1TmOhm — 1000 MegOhm
Capacitance 1pF — 5000 Kuf

+/— 0-1000

59 GENERAL RAQIQ DECADE C:RP:COIIPR 1413 with ANALOG LIMIT COMPARATOH

Inductance 1uH — 500 kH

F25 59 STODDART RADIO INTERFERENCE & FIELD INTENSITY METER type N-M 524, ..£
F5 60 KEITHLEY REGULATED HIGH VDLTAGE SUPPLY type 241 5

BRANDENBURGH HIGH VOLTAGE GENERATOR type MR50
62 BRANOENBURGH HIGH VOLTAGE P.U. Modal 705. Metered 0-
63 BELIX POWER UNIT typa CMT3001.
64 PLESSEY TELEGRAPH SIGNAL GENERATOR TSG10 with TOMS type

000 Volts in 3ranges..

with copy of manual
ONLY £40 each
AVO VALVE TESTER type CT1 60
(22 valve bases) with copy of manual
£20 each
Copy of Valve Data £5

100 {2 utiits)

{only available with unit)

RA IMH;
69 RACALAUTO FREQUENCY CDNVERTOR ty;
70 RHODE & SCHWARZ NOISE GENERATDR SKTU BN4151/2/60 3
R &S UHF TEST RECEIVER BN1523 280-340MHZ

73 R&S ATTENUATDR ty, 8042/50.
74 R &S RESDNANCE FREQUENCY METER 30-500MHZ WAM BN4312/2.
75 R &S SELEKTOMAT USVW BN15221/2

AVO TRANSISTOR ANALYSER
type CT446 with copy of manual

@ 803R 500MHZ....

£20 each
Copy of Transistor Data £5

£50

£40 {only available with unit}
gj AVO SIGNAL GENERATOR
£50 No.2 AM/FM

7 R&S UHF MILLIVOLTMETER URV BN1091
77 R &S CAPACITANCE METER BN5201

AM 0.45-225 MHZ; FM 20-100 MHZ

with copy of manual

ISOLATING TRANSFORMER 240V Input 240V Output 1300 Wa
79 AUTO TRANSFDRMER +l— KVA Pn Volts 90/240 Sac Volts 11
8 0C SERVO MOTOR 110V 2.5A Cof L
8 CLAUDE LVONS AUTOMATIC VOLTAGE STABILISER. Input 204-2!

ouble Shaft. 4 wira 4 bru:

£75 each

MARCONI COUNTER/FREQUENCY METER

TF1417/2 with Convertor type

260V +/— 0.3% 13A 3.12KVA
82 PHILIPS VIDEO COLOUR TEST GENERATDR typa PM5522

TF 2400/TM7£1 654 — 500 MHZ
3! _
SINE & SQUARE WAVE AUDIO GENERATOR

19 RF O/P amV pk-pk

type TE-22, 20HZ-200KHZ. Portable as new

EWLETT PACKARD DC POWER SUP|

97 PYE SCALAMP 20KV RMS Max ELECYROSTATIC VOLTMETER

E.H.T. METER 0-30KV

PLY.typa 54485 0-600 Volts 0-1

JVANCE UHF SIGNAL GENERATOR SGE9 370-1040MHZ

“" ONLY £35 each. P&P £4
] MULTIMETER
5Amps......£295 Russian Type 4324
125 AC/DC voits; AC/DC current; ohms, etc.

Brand new, boxed.

£12.50 each. P&P £2.50

IKEGAMI MONITOR

20" Btack & White
Solid state. Video in, int. ext. Sync.
£65 each

TELETYPE PRINTERS

RANK ABE|

98
93 SINE & SQUARE WAVE AUOID GENERATOR type TE-22 20HZ-200KHZ
100 BLACK & WHITE 20" MONITOR by IKEGAMI type PM201TS. Solid State

PLEASE CHECK AVAILABILITY BEFORE ORDERING
COMPONENT LIST AVAILABLE S.A.E. OR PHONE

KSR 33 —~ ASCII Keyboard £50
ASR 33 ~ as above with 8-bit Punch and
eader £75
PDP 8in 6ft RACK CABINET £100

BARCLAYCARD (VISA) and A

NORWOOD ROAD, READING

{2nd turning

SS taken. mlal orders welcome
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc.

CHILTMEAD ||

TELEPHONE NO. READING 669656

ht — look on right for door with *’Spoked Wheel"'}

left pa tRead ng Technical Colleg

All units £6 carriage. Plus V.A.T. on tot

hand-portable radio
FEATURES:

grammed between 156-164MHz.
link calls.

or12V.

ers.

antenna.

Hadler
the ICOM

competitive

guired, ask
tockley.

Thanet Electronics €2

143 Reculver Road, Herne Bay, Kent
Tel: 02273 63859. Telex 965179

FIRST IN THE WORLD
The ICM-12, synthesized, marine

@ 12channels — 6 and 16 fitted as standard.
@ No waitin%for crystals, can be diode pro-

@ Automatic semi-duplex for private and
@ Slide-on nicad pack recharges from mains

@ Lots of optlons speaker mics, alternative
battery packs, 12V leads, and desk charg-

@ Complete with nicad battery pack, mains
charger, belt clip, earphone, rubber

@® Home Office type approved. RTD HP 105.
@ PRICE £199.13 + VAT. Free carriage.

Also 1C-M25D 25W, synthesized 25 channel
VHF marine transceiver £207.83 + VAT,
Trade enquiries very welcome — Ask for Phil

We can also supply

Highband PMR Base
and Mobile transceiv-
ers. Fully approved,
very compact, built-in
CTCSS and at very

Dealer outlets re-

2716
2732

@ HEX KEY PAD
© POWERFUL EDITOR

® TV(MONITOR) DISPLAY
® SEFIIAL/PARALLEL 110

2532 ® CASSETTE BACK-UP

ROMULATOR

SOFTY STANDS ALONE

£169+VAT EX-STOCK, BY RETURN

DATAMAN DESIGNS, LOMBARD HOUSE,
DORCHESTER, DORSET, DT1 IRX. (0305} 68066

WW — 043 FOR FURTHER DETAILS

IC100E

prices.

for Dave

W XLR CONNECTORS

Line Female A3F
Line Male A3M

NEUTRIK

Latchless Chassis NC3-FZ £0.67 hless Chassis Male NC3-MZ -£0.59

Line Female NC3-FCC .. Lme Male NC3-MC .£1.15

FemaIe Chassis NC3- Chassis Male NC3- 0.87
. 4,5-pin, PCB and black versions and large selection of audio adsptors avi

XLR LNE 11 £387 XLR LNE I2C

XLRLNE32..

BELCLERE AUDIO TRANSFORMERS

EN6422 Ratio + 1.2+ 2. Freq 40Hz-35KHz. PR{ 150/600¢), sec. 600/2.4K2
EN6423 Ratlo 1+1:6.45 + 6.45. Freq. 40HZ 25KHz. PRI 150/6004. sec. 6. 25K/25

Chassis Female D3

Chassis Male D3M £1. II;

in verswns and large selection audio adaptors available

XLR CONNECTORS

Hz ext. field

SKT-7.

Trade enqumes welcome; quantity discounts available. All prices subject to V.A.T. Call, write or
phone. Min, order £10. Please add £1 postage. Access, Amex, Barclaycard.

KELSEY ACOUSTICS LTD.
28 POWIS TERRACE, LONDON W11 1JH

g can, 33dB r

01-727 1046/0780

s
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01- 677 2424 Telex. 946708
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Tz #g8 |EOCE 1ol | paaa ezs | Mslsl  on | BLE) 23 | Tysseo 18745 IagT 258 | €495 119 OR7 7 | ac 335 | ‘oA 1224
DET24 5290 | ECC84 136 | B - Msle2 1036 | PLss 124 | TYesop 19320 | B¢, 1130 | 6ASS 37 | 63AT 167 foocG 1672 | 61468 534
DF9l 046 | ECC85 138 | EM8I 115 | Msie3 517 | PLso4s 161 S000A IB35A 2875 | 6ASTG 949 &7 173 Joocy 1750 | e159B 1991
DF96 115 | BoCEe 230 B BRSO et W 4 B63  57.50 | 6AT6 . 098 | 6SF7 184 AG 1490 | 6189  10.03
,DK91 121 ( ECCs8 207 M8I195 425 | PLS09 373 | TY6-50008 121 { 6AUSGT 497 | 6SH7 173 gy 1499 | 6201 1092
DK2 144 | ECCss 188 M819%  7.47 | PLSI9 373 15 5 | ey Aty 18 |sa e | e w2
DK9% 126 | BCCOl 1027 M8204 657 | PL801 127 | TY6-5000% I 046 | GAVSGA 452 | ORIy b |IsoBz 347 | esaB  Me
DL92 126 | ECCI89 190 BB ol B 0 Mezs | 2ASIS  1Is0 | 6AVe 0.98. | 6SKTGT 308 | y5083 639 | 6973 38
DL%4 138 | Bec 202 aE Aot S 2C39A 2185 | 6AXSGT 3.57 | 6SNTGT 184 | 150c3 271 | 7025 273
DL9% 126 | ECCR08 2.59 M8224 466 | PY81 057 43 2070 | 6B7 173 | 65Q7 156 | i50Cs 275 | 7551 645
DLSIO 948 | ECF80 124 M822s 299 | PYa: 092 | TY7-6000% D21 294 | 6B8 202 | 6SR7 L3 on 2185 | 7586 1166
DLSIS 1237 | ECFs2 138 Ms28 1332 | PYS3 - o8l apee |2E6 178 | oBA6 LIS | P 207 |7 425 | 7587 zom
DLSl6 12337 36 173 . MUl4 173 | PYss 101 | Tzao 2s7s | A4 10925 | 6BA7 589 | 6USG 230 3 1L50 | 7609 - 36357
DLSIS 1237 | ECH3s 230 0. MXII> 5865 | PYS00A z7 | Ulso 28 | 255, 2997 | SBASA 431 | 608 92 |ms e | 7ses 5.04
DM70 144, | ECH&z 132 | MXi123 &785 | PYsoo  o9r 15 2J70A 44275 | 6BC4 427 | SUSA 338 | g 431 | 7895  13.25
DM71 144" | ECHSL 138 : MX145 6210 | PYsol 097 | U2 133 |270B 41834 | 6BE6 L4 | OVEGT 184 laila  nes | 05 Bad0
DMI60 396 | ECHS3 144'| EYao2 54 | MXISI 1725 |'QQVo26 1617 | U2 TGS SR 0:25 1 S CREIGERSI. 75 4 e X 4 1387 a2A 7igs | s0e 6.33
DYs7 074 | ECHs$ 147v| Ez3s5 v | MX152 14375 | QQvoszea | U 1o | FAWZ o750 | 6Bl6 124 CKIGT 037 f ey gps | 812 el
DY802 096 | ECLS0 LIS | EZ40 144 | MXls 16575 UABCB) 144 | 5502 6325 | SBK4 484 | 787 1% | g3 1my | sk 248
ESSL_ 2517 | ECL&l L73. | EZ41 144 | MX163 2303 | QQVO6-40A UAF$2 144 | 383 2i70 Q8| REECIIRs7 7SR 7C 340 | s g | s 6.7
ESOCC 11.27. | ECL82 115°| Ezso 09% | MXied 27.95 4715 | UBat 14 | 32 920 | 6BL7GT 4.4 | 7C6 180 | g i | e 8@
ESOCF 129 | ECL83 173 | EZsI 0.9 | MXie6 16100 | QQVO7-5060.66 | UBC41 173 | 3B 1650 | 6BM6  gn75 | THT 22 R 922 5 18045 1206
PESOF 1419 | ECLs4 161 | EZ% 138 | MXies 4830 | QOZ03-20A UBFs9 13 | 3829 1150 | 6BN6 - “18 | 7R7 I3 | 5ia g )
ESOL 1398 185 128 | FW4500 288 | N78 203 UCCBs 126 | 3B24OM 1725 | SBQ7A 428 | 787 250 | 1e2s 235 Tested
EBICC 662 | BCL8S 138'| FW4a00 288 | Oaz 230 | QQz06-40A UOCss 138 | 3B2IM 1725 | 6BR7 460 | 7¥4 LA 625 15 | ExEmip
IL 1406 | EF37A 402 | GL37IK 4140 | OA3 569 6337 | UCFso 13 |3C23 2683 | 6BR8 202 | 724 213 | 7050 8.00 mxzs&'ﬁpm?';s
ERCC 703 EF3® 316 | GSSIK . 1265 | OAs 102 3 14 UCH42 138 | 3C% 2818 | 6BS7 460 | LIE3 6082 | 5iop 30475
E83C 7.16 - | EF40 345 | GI302M 1842 | OB2 144 | QV03-12 562 | UCHsI 267 | 3CKI00AS 6BW6 460 | 12AT6 138 | pioy 397
, 1323 | EF4l 230 | G2403D 1285 | On: 270 047 288 | UCLE2 120 da2s) [[NOBW 7SS 175 L RT2ATI7ARER ORl s: ( ps
EssC 71z | EF2 230 K 1928 | 0C2 34 b0 % | USES L |Ep  pe | SEXeT Sn | LAUS 2y |5 G
ESSCC 386 | EFS0 173 | N4 862 | o 2.20 1 UF L5 | 3% 16 (6826 27 | IAU7 083 |sisia 05
EOCC 994 | EFS4 575 | GN4A 862 | OD3 220 |Qvies 5706 | UF4z 144 |V 138 | oC4 Lon | 12AVe 255 | 5oy 1o
ESOF 1139 | EFSs: 288 | GSI6  1035. | Oz4 T | Qhls i | Dhs  Les |%sA s | CBeA 286 | LAVI 4d0 | s N0
I s34 | EFs0 092 | GTIC 1438 | poss 16l | Qvazso 775 | URes  Les |HIBA 4 | DA se3 | IAX7 Lol st P
Eg;gc 134;2 ERAS 0| Suso 1431 | pess 161 | QY4400 80.44 | UF89 1.66 tIf)gﬁ e | 667 262 | LAY 469 | Sesy 393
_EXF 1. X i 3.62 ; i 5205 9% | - 62 -
: PCY5 1.49 QYSiolo“ I;'sEs'aG RIK‘S.} EDZE ' {CU | 6CL6__ _ 4.12_| 12BA6 253 | %651 4.66 .
‘ ITS 7495 0.84 74136 0.59 /| 74175 117 ‘TBA480Q 2.12
) ) ’ : 749 004 | 74141 10z | 74176 133 | TB T
4 CRT: R 7 018 | 723 0.38 021 | 7497 Se | nuz  2es | s Tss | 1Basl o3
BASES [CRTs | = wodEAm s8R MM 7 A oap AR 1) Bl
BiGumkned 025 | 5P 1035 | 8P 115p VER1eA 1438 | 7003 020 | 7428 050 | 7473 ol | e 02l e 1% | Fie i | Thassecq
BiGskined 035 | 3ap1 1050 | 'SP 1130 | veRsizA 1150 | 2404 1| 30 020 | M74 044 | 74ll0 05 | T4l47 230 | 74191 Zdy | 70
R sklun'smned 925 3pPI 575 | SCPIA  46:00 | VCRS17B 1150 | 7495 0.21 7432 035 | 7475 ‘062 | 74111 0.82 74148 2.02 74192 2‘19 TBA673 252
PR 935 | 3EG1 1050 [ SFPISA 1725 | VERSIZC 1150 | 7496 049 | 7433 046 | 7476 048 . | 7416 2.13 74150 2.07 74193 b TBA00 1.7
Oc 040 | 3Ep 6% | sUpr 2878 | 7407 049 | 7437 037 | 7480 064 | 74118 115 | 7451 108 | 7419 144 | TBA720Q 2.65
Locul 8 |3Gpl €90 | Dors  Toep 7408 023 | 7438 037 | 743 08 | 74119 177 | 7415 207 | 74195 138 | TBA7S0Q 2.38
Nuiistorbase .36 | 3yp1 920 | DG73I 6678 7400 023°| 740 037 | 7483 115 | 74120 o9 | 74155  Lod | 7419 135 | TBASw0 . 138
gpmpri 175 920 | DG7-32 6675 | TubeBases 7410 020 | 7441 104" | 7484 171 | #1211 o® | 7415 104 | 717 155 | TBAs20 3.4
MpnDIL 017 | 7 10 | DHESI éiés | brcmon 7412 033 | 7442 083 | 7486 045 | 74122 on | MI57 o8 | 741% 311 | TBA90Q 334
Valvescrocning | KEL 3722 | DHTJL 13008 | “application e ol et R |7 e | mm Lm )uS I8 | M. o
cansallsizes 035 | yp1 2300 | VCRIS 11, 20 7417 037 | 7451 021 | 7452 do | i eg. | 7am  Sos | TAASo 36 | TCAen 15
; %g 0.21 | 7453 021 | 7493 069 | 74128 0.72 74173 1.63 TAA630S 4.02 -
; 0.23 | 7454 0217 | 749 094 | 74132 o083 | 74174 184 | TAA700 450 <l
;I:I:T:u ‘IIng sinass: g'vzgs ;atch andp g valves and semiconductors 58p per order. CRTs £1.73. All prices include VAT. }elephone 01-677 2424/7
elex 946708
In some ‘I“alft prices of Mul{:r: al:%‘l’ﬁ'A valves will Iu%:mr than those advertised. Prices correct when going to press, E.&O.E
acilities pp mpani order charge £10. Carriage and packing £1 on credit orders. ’ ol
s in stock. Q foranytypos not listed. S.A.E. Open to callers Monday-Friday 9 a.m.-5 p.m.
Y Y 4

. Over 10,000 types of valves, tubes and
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'! IEEE PROGRAMMABLES f TIME B ‘ \ I I EI lE S
: ! PRWAT.E & TRADE ENQUIRIES WELCOME The toroidal transformer is now accepted as
9814 IEEE PROGRAMMABLE VOLTAGE STANDARD : the standard inindustry, overtaking th
i - e Full range available to replace 1.5 volt dry cells and 9 volt ; ! TV, ng the
A higher performance voltage standard with 4 ranges from 0.1 volt to 10 volt output. Accuracy is 0.01% and the 2 i . obsolete laminated type. Industry has been
r%soknion o:\s%tting is 1in 200#00]. Output rz%sistar;g(e: is :Ijelss thtan 0.0t1 g!:TysBagd ?xtpustocurrent adjustanlﬁ PP type batteries, SAE for I|st§’ and prices. £1.45 for quick to recogrise the advantages toroidals
20mA-200mA. Temperature coeff is less than 20ppm/°C and long term stability better than 50ppm per year. Fu 1 INH A . i A 3 2
manual control is a\?ailable via front panel controls. Available for benchtop use or 19" ragk mounting. booklet, “Nickel Cadmium Power,” plus catglogue offer in size, weight, lower radiated field and,
_ * New sealed lead range now available * - thanks to LL.P., PRICE. g )
16 e P ORAABLE VOicE . : Write or call at: e Sos it which o i LAy S SbC R
A high quality speech synthesizer which has a 280 word vocabulary. By suitable programming via the |EEE bus SANDWELL PLANT LTD 7DAYS together with a short lead time on quantity orders which
it is possible to output single words, phrases and sentences. The vocabulary has been chosen to be applicable - . . o 2 .
to mgny ATE applic':e’niom;.g 2 Union Drive, Boldmere ) can be programmed to your requirements with no price penalty.
o o : ‘
‘ Sutton Coldfield, West Midlands, 021-354 9764 . = T Y 294 TYPES T0 CHOOSE FROM!
9815 IEEE PROGRAMMABLE SCREWDRIVER : . After Hours 0977 84093 T o | votsfourng | PRCE s ORDERS DESPATCHED WITHIN 1
The unit has been designed to overcome the problems of adjusting large numbers of multi-turn trimmers in ¥ WW — 063 FOR FURTHER DETAILS 703)1033.% aon| avs | e £512 DAYS OF RECEIPT FOR SINGLE OR
ATE systems. The screwdriver is fully programmable via the IEEE bus with 3 speeds of rotation and 2 selectable 045K | 1:012| 12+12 | 1.25 ¢ SMALL QUANTITY ORDERS
torque values available. The unit is supplied complete with a flexible drive shaft and drill chuck into which i P VATVESVAT Re%lf/tioﬂ },g]:‘; lgtlg &gg +p/pt100 * ; i
various adjusting tools can be located. v Lv R ' VAT S0 @2 YEBR NO QUIBBLE GUARANTEE
3 . Order £1 1S INCLUDED 1’;0‘5 gg:;g ggg . TOTAL£7.08
LR o r x017] 30+30 | 050
140 ELB21 820 SC1/600 4.50 GANBA 250 12AU7 060 6 j I
9810 IEEE/PROGRAMMABLE POWER SUPPLY Abza 880 Elszz 3% SPsl 180 SAQ4 340 12V 08 giacs 620 (00 Toonl ees |40 L e Jcamn | PRGE
0-33V in 0.1V steps. Local or remote (IEEE) operation. Fully programmable on the IEEE bus with 3 settable . | are ; 0.85 X . 2AX7 .65 6360 2.85 x35mm | 2x + 7 -
current limits 1mA, 10mA and 1.1A. A dual version of the 9810 is also available. The unit is 3 Euro units high and Anpa g';g Evsl?l? ;:gg 1J2?52 1%32 gﬁggw }:?g ‘:ggég 2:2 gg;g 12::; Re%f,:t?on | BE (| a8 £570 nzozxsu\,/n':m iH E | 8
standard 19" rack mounting width. . ATP4 0.60 EY81 085 U26 115 6AT6 080 12BH7 196 @552 8.20 13% . | 2x014{ 18+18 | 1.38 n 2.2Kg 16x014| 18418 | 6.25
B12H 3.90 EY86/87 060 U27 115 BAU6  0.80 12BY7A 230 7199 2.85 20151 22+22 | 1.3 | +pof1d0 Regulation | 6x015 | 22422 | 5.11 £9 20
Cy31 140 EYss 065 U191 0.85 BAVE 0.85 12C8 0.65 38P1 11.00 22016 | 25425 | 1.00 +VATEL.05 7% |6x016| 25425 | 450 .
9812 IEEE PROGRAMMABLE SWITCH DEL2 ze |- NNNC TR lENoaPReRGT. 140 1251 1898 B 18D hoos| o0 | 04 | omeos Buoie| s | 351| henw
24 double pole changeover switches are available with full IEEE control, Each switch is rated at 1 Amp, 30V dc or DF96 070 GM4 590 U600 1150 €BAB 085 12KIGT 070 gg) 14.00 RS20 oA g:g;g :2:}2 28 m““::“::s
100V ac. Thermal emfs have been minimised to less than 1.V per switch. All outputs are on the rear panel along B'L‘Zf oz 8\2'501 1.30 Uso1 0.90 6BE6 0.80 }§(%T 0-:8 14 : G| e || A
with the |EEE address selector switch and bus connector. Manual control of the switches is also provided via a I ovesrer oss 232 M35 UACH 120 6BGBG 18D (2orr oo CVis2emad W VA fsx0o o Eallicies 6x028( 110 | 2.04
set of front panel switches which also incorporate LED indicators. DYS02 070 @QZ34 275 UAF42 120 6BQ7A 085 12SH? 065 DG7.38 3800 kg | 3012 | 12412 | 333 Lo 220 1.02
E55L .1490 G737 396 UBFBO 070 6BR7 480 125J7 070 DPMa-11 38.40 Reguiation | 3x013 | 15+15 | 2.68 £608 H 240|083
ESMCC 1 00 KTes 30 UBFae 070 sBWe 820 12507 145 D1333G 126 0t ) fgei |22 | T (300VA | 7013|515 1| 1000
9811 IEEE PROGRAMMABLE RESISTANCE E92CC | 280 KTes 895 UCCBS 088 404 030 13V4 | 070 mapecQ 3018| az6 | 150 | s 2okg | ots| Zess | oo
0-1 Megohm in 1 Ohm steps, fully programmable via the IEEE bus. Accuracy is 0.1% over most of the resistance Elaocc 420 . 1360° UCCE5 070 6C6 oss 1303 070 ffi2=01z 020 B3y | | Rom et T st B | 2 £1017
range. Resistors are rated at 1 watt each. An attractive feature is the option to switch to local operation when the E1820C 625 ol T e e 20 1508 o aeo| 20 | 03 7ois| Sass | ag| cweuw
output resistance can be sat up manually via front panel switches. EAT6 225 MxX10/012150 UCH81 075 6CXs 380 1457 115 ?Pis-glgBLlFCON 3030 240 | 0.33 | 72026 40+40 | a7s| wmes
EABCs0 080 N7g ‘a0 UCLa2 035 6CYs 116 19405 085 L 120v4 {ax010| 646 1000 B Bl || g3, AT
EAC 115 OB 080 UFS) 038 o8 yas 1scs  ago L0K8 O e | 5% | S wal ro | am
B i e dMuR 6B G 1Rk R GO w8 B2 |18 ) £6.90 mEl w |
EBFB3  0.60 PC86 085 UMBO 090 6FEG 085 20F2 0.85 4015 | 22422 | 272 | epperer 500vA 18x016| 25425 |10.00
EBF89 080 PCsg 090 UM84 0.70 6F12 150 20E1 1.30 4x016 | 25425 2.40 Te 140x60mm| 82017 |  30+30 8.33
EC52 . 065 PCo7 125 UYB2 070 6F14 115 20p1 065 SPECIALV 017 | 30430 | 200. | AT 4Ky (8x018| 35 11 1£13.53
EC91 440 PC 090 UYa5 085 6F15 130 20P3 075 4CX1000A 4018 | 3seds | 1pr | TOALEE Reguion | 32028 | 0440 | 429 ’
EC92 085 PG 060 VR105/30 1.25 6F17 320 20P4 iz JACXIS0008 4028 [ 110 | 108 A% 18025 | 45445 | 555 | PO
ECCB1 065 PCCBO 085 VRI50/30 1.35 6F23 075 20P5 135 BM25L 4029 | 220 | 054 8x033| 50450 | 500 | eam
ECCB2 060 PCC189 086 X66 096 6F24 175 25L6GT 095 BW153 4x030| 240 | 050 8x042| 55455 | 4.54 | TOMLEim 2
ECCB3 066 PCFB0 080 X61M 170 6F33 1050 25246 075 DM 26L8 160VA [5:011| 9+9 | 889 Bx028| 110 | 454
ECCBs. 080 PCR2 070 XRlowoA  GFHE 420 foCie 050 a2 10x40mm | 5x012 | 12+12 | 6.6 bxin0| sw | 2es
IRVINE BUSINESS , ECCoe 170 Peree 1s0 Zisa 1900 SGNeA goe MCIs  4p JL1Mo regsaton (5014 | 1a013 | 44 | £7.91 | 62504 fauarr] ; 1
/ / ECCe 080 PpCra 050 2749 075 6He 180 30F5 1as JOKEe, % |5e01s| z2enz | 3gy | Aeles) 10 rsm | ouota| Hesn {04
SYSTEMS LTD RN iR rllisRe el ) i e 1 S wel 55 (2| oo | [Lteg s et | 23| £1613
g o 3 . i ECFBO 085 PCFB00 060 Z803U 16.00 6J5 230 FL14 215 BR189 5x018 | 35+35 | 228 | romuen oe 4% |9x033| s04s0 [ g25 | P20
3 o, DO YOU NEED :- Electronic components, Tools, Test Equipment, Eg;g‘zn 085 PCFBO1 1.75 Z900T 245 BJ5GT 090 30L15 1.0 (5:55117:?1 El e | A 9x042| 55455 | 568 | wTeem
NEW PRODU Cases, Cabinets and Hardware etc. IN A HURRY? EGiss 7 bcreos 120 14 0% Gaw  ose b 115 SMUZ sl 2 | o nose| o | pe| o
i i i ¢ - ECH3s 170 pCFB08 145 1RS 060 BJE6C 2. PL1 ] x 4 66 9x030| 24
LB TS . G100 16" b P Syt oo Pl oo &1 e . e Nl R IE IS o S5 IR B B et . e
'[I;hese racks were designed originally to the exacting specification of the Electricity = LIGHTNING Electronic Components. ‘ ECHeT  oJ0 Loy o 1% il B e B IMPORTANT: Regulation - All voltages quoted are FULL' LOAO. Please add regulation figure to
enerating Board for use on nuclear power stations. , WHY ? . 4 ECH84 080 PpCLe4 080 1U4 060 6L6M 280 3524GT 0.80 secondary voltage to obtain off load voitage.
1903 is a 3U high card cage and 8-amp power supply and will take 6 S100 cards. i B Because LIGHTNING Strikes out where others fail:- ECL80 070 PCL86 075 1X2B 140 6L6G 250 50C5 118 ™ 3 \
1906 is a 6U high card cage and 16-amp power supply and will take 12 $100 cards. ) In Denth Stock ECL82 075 PCLBO5/650.95 2D21 110 6L6GC 210 50CD6G 135 SNS402N 0.28 0 benefits of ILP toroidal transformers
F IEC mains connector, flter, fuse and tap change switch on rear panel. Express Despatch All Low Prices n Dep oc L A FRCo0T G IR el T 128 Zoic 123 SNt ad2 _ILP toroidal transformers are only half the weight and height of their laminated
: s:! op:meda?nlxgl;m:sgeflor maximum security. £ey All New Guaranteed Goods from Leading Manufacturers E%?,‘; 2:32 2.80° e 5,1,. el 970 76 095 SN4198, 120 equwalents,l and are available with 110V, 220V or 240V primaries coded as follows:
* Carr;\i'ngharr:dles. S ¥ With all that going for us, going to you can you really afford to be dieR I wl del e 088 ANTioen o8 For 110V primary insert “0" in place of “X” in type number.
% Supplied assembled complete with Power supply, IEEE (696) motherboard, card £ without a copy of our brand new exciting CATALOGUE? E:gg g% thg g.;g ggg'z g.;s SS?SA ﬂg 85A2 21.5:9 g“;&sgpgn For 220V primary (Europe) insert *1" in place of “X” in type number.
:;:ldse.:, ;:d cooling fans. il ‘ e Many Prices Reduced — Many More Stock Lines - EFss 8:% th& '1,:6’3 3022 ﬁj:g 222‘-,; }:‘1'2 807 1'1,z§ g“;ﬁ;k o.18 For 240V primary (UK) insert “2” in place of “X" in type number,
LBS, 1906 £29900 Send for YOUR Copy Now, ONLY 70p Post Paid J B i e i s s esh 18 e 535:.;3 NN 030 How o o der Freepast: 4
§-slot Card cage, card guides, mother board andfan £119.00 - A £ G e B e jnosg SiizasshNoe se this coupon, or a separate sheet of paper, to ofder these products, or any
12-slot Card cage, card guides, mother board and fans £249.00 LIGHTNING ELECTRONIC COMPONENTS Ergs  0ss Plsis ,‘Es SB/255M 1480 GSNTGT o gsz;: g SN7a91AN 032 g:ggucs farrel oﬁher !Lg Electrlomcs advertisements. No stamp is needed if you address to
L) " 3 ! 1 ] 1 i 42 ' i
1.B.8. 4K CMOS Static RAM/PROM Board for $100. y se== 84 Birchmoor Road, Birchmoor, Tamworth, [, | EF183 060 Planz 320 S22 2990 €307  oon bher  o28 DMIGIZNodn Acce%% and Ba(i'c?:yggrdp\?«mo%ger:llnl]JuI?to?gecr?zz?l?\:nt?fpa%b'emf'LP ERelionics g
This is a superior quality Ram/Prom board for the industrial user, the board will accept Staffs. B78 1AB. (NOTE New Address) = | EF184 080 PYas 070 5R4GY 180 6VEG - 150 931A 1380 SN15836N 028 single and.small auantity orders. ithin 7 days of receipt of order for
ither H6116-3 (2K x 8) Ram chips or 2716 EProms i combination. S— ErAcomm o EYen Oy ol o8 Sl 0 95 o o ged Judntily ereeess i
eithe 8 p: roms in any 4 L — Ez%oo '1,.: m;/aoo g.g g¥;g1_ g.;g GX:WA g.ss ggg 1.20 gz;g&g“ }-:g Also available at Electrovalue, Maplin and Tech ic
“ 5100 IEEE (696) Compatible. Y Will run at 6Mhz with standard Rams. - : Eras iy . - .10 0.60 b :
; ! ] I : I 080 523 1.50 6X5GT 0,65 957 05 SN76033N 1 L
: Et'?g :gsd;zs;';gh o g : mz':“so‘ﬂm‘:bﬂl:"mm" for Proms. (Y] PVES 080 Sgac_ 075 BYea' 099 1025 1oy MOsBooP. 80 e e i o |
% Prom/Ram sslectabl: on 2K boundary. o - 12 c L I c Ks‘ . , Etﬁ; 239.33 Eggggm%ﬁ Eﬁze‘ao:g é% Zéza E: ;g é§§$ ;gg :z:::: ? ::M Please send
B ¥ : . . BO1 . g .96 63 420
: f&m;mr::an be disabled to suit popular memory map;{e evices, : - E% g_: 88¥g§/2181‘5° 22875 ;_;z ggg g:;g %3 320 =i ;2,‘30 I =
PRICES: . il i DO YOU SUFFER FROM IRRITATING ELs0 Iig oovm-zsz" sAHe ;Zg locz  ass b33 g% MM6300-1) Total purchase price
BARE BOARD Assembled/ 16K 32K ¥ R 3 5 2 g :
tested £55.00 £17900 £239.00 £299.00 £329.00 £350.00 SCRATCH NOISES ON YOUR RECORDS? ‘ e 5501 covan it RRNG SR oIl 1s0 fhoa0 5 ¥ 196 MCMes10Ap I enciose Cheque[ ] Postal Orders[_] Int. Money Order[_]
Educationat and industrial di itabl @ . Music R A i EEnh 3ot ovos PO SN0 70 0 . 320 ead0 L) e Debit my Access/Barclaycard N
: e Garrard Music Recovery Module eliminates noises hear £ : 12 4. 4 . ) . 5 rd No.
SOFTWARE SALE (whilst stocks last). E when the pick-up meets a scratch on the record being played. g 0L O S O R i i C o) 8080°  (6.30, MICB36.5D 0:22 ;
Microsoft Basic 80 WAS£175 L The scratch detection circuit in the MRM has been designed to o , FIELD TELEPHONES TYPE "J” Name .
Microsoft Basic Compiler ~ WASFIBD o recognise the whole waveform of the scratch and distinguish 3.2 ' YAhLVES AiN[') TRIANSISTORS Hionical 1 metsl Gaces S U "
H f elephone enquiri: alves, transistors, etc: £ v .
In?rpdl(mry offer i e 5 it from the peaks of the recorded music. '2 i 7‘9'%2?,‘,‘2‘;’: S'ESE '}?’; i%p&"&?’a Joss 10-line MAGNETO SWITCH-
M'°\'/_°Fff° e v WA§ i e - . < Easy to install and operate, runs from mains, and plugs in  Geiger Muller Tubes GM4, MX12/01 and others. tB)’?)sg?r'nac;r?et:?erlt V:g:‘\e sevefY l |
: Stang T e T:";:u\;:"’y (i SHER G D T o between record-player (mag.) and amplifier {Aux inputl. % TEST,SET FT2 FOR TESTING Transceivers Ad0, PRICES MAY \'I)ARY ) Signature -
T X i ) el FeaAE Ay ot 7= 4 q
* The Fulcrum Centre C . LU  Due to special and exclusive purchase {limited stock only), we =T yAhngszs” aiczphamg?m%uv;nszmuz POSTAGE: £1-£3 45p; £3-£5 56p; f Postto: ILP Electronics Ltd,, Freapost 5, Graham Bell House, Roper Close
The above prices exclude VAT at 15% O can offer this remarkable example of modern chip technology. m B S eAripT et T e * £6-£10 60p; £10-£15 80p; £15- Canterbury CT2 7EP, Kent, England.
"IRVINE BUSINESS SYSTEMS LTD. . (75} At£49.95 e v ' . § DRUMCABLE continuous connection YC 00433, £20 100p. . ' Telephone Sales (0227) 54778: Technical (0227) 64723: Telex 965780.
3 3 BARCLAYCA . . ; MARCONI TF 144H/4S; .
W W P.0.BOXS TEL. 0294 218888 (incl. V.A.T. and P. and P.) ‘ L S O ity e ok 72 I
BOURTREEHILL - Mark: ot 188 HEMBROOK RECORDINGS LTD ; ' r ‘ = feP B '
Jfrays g 26 QUEEN STREET, MANCHESTER 2 " 061-8342221 COLOMOR Tel. 01-743 0899 or 01-749 3934 e ) -
AYRSHIRE KAL1INE e : (ELECTRONICS LTD.) Open Monday to Friday . TRANSFORMERS
WW 074—FOR FURTHER INFORMATION "170 Goldhawk Rd., London W.12 9a.m.-5.30 p.m. ' SEDEY N SR MM R SESE
- 4 WW — 023 FOR FURTHER DETAILS
WIRELESS WORLD JULY 1982 1 WIRELESS WORLD JULY 1982 . 5
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i b s -+
LFE ELECTRONICS R e es) & TR R =
WAPT 10459/8, 12-14V @ 5 Amps £25 p-p. [ - -4
P L Fl RA WAPT 10459/8, 24V @ 5 Amps £25 (€2 p.p.) : i MAINS ISOLATOREQNHNUOMS o 12 or 24-VOLT RANGE
! wWa can supply the above power supply at any il b 5 /Ol ]
I 10 CHAPEL STREET, LONDON, NW1 . - fixed voltage getween 5V and 36V at 5A £25. : i C;g_mfg,(zrnomzov {120, 220, 240V} Sec 0- R«’,eparate 12V windings Pri 220-240V
wMullard  Dual supplies. Brand new with : . 12vAmps  24v £ P&P
handbook, Pos & Neg 12V at 1A and 0.4A respecti-.
vely. Dimensions 9x4x5ins. £10 + (€1 p.p.) ~
. wFARNELL Current limited. Dimensions 7x5x4ins.
Following tyées availabla: 13-17 Volts @ 2A £15.

27-32 Volts @ 1A 5V £15. 5V @ 3A £15. (pp £1.50). ‘
SPECIAL PURCHASE - i T E ST B OX

RHODE & SCHWARZ

Selective UHF V/Meter. Bands 4 & 5. USVF
Selectomat Voltmeter USWV £450,

UHF Sig. Gen. type SDR 0.3-1GHz

UHF Signal Generator SCH £175.

XUD Decade Synthesizer & Exciter.
POLYSKOPS SWOB | and 1.

Modulator/ Demodulator BN17950/ 2.

TEL: 01-723 8753

=]
wn

b
o

4.91
6.78

. | Ref. 300mA  150mA 241 .90
MINI-DISK DRIVE i B ey B
d J i g 1 . 426 1.

WD BN =

_ LAMBDA POWER SUPPLIES
Excellent LXS Series DC powaer units at less than a
tenth of new price, The snag? — thay'ra all 110V AC

MARCONI

TF995B/2 AM/FM Signal Generator.

NoDHNBWNN

Py

>2pc8RREZER

Soooococoovo
OV aaaa

5
s PRLLS

TE2300 Auslopover mate = T P e e s, O i ‘
1101 RC oscillators £65. ' / at 28A. . £25. (List £350). : . . : 2 1e:
6551 SAUNDERS. 1400.1 700MHz. FM. Kfﬁl‘,c‘(E&ﬁ?\;/gﬁrm:g%géﬁﬂ":Vé%tifa-oov' 5Vt 144, XS CC 50V, £20,(6266). i A ?l ple aid to test and al ignment of U e e e PSS 30 VOLT RANG
WAGII0, IR AIRMEC Wave Analysers types 853 & 248A. Special note: Tha 5V power supplies may be d rives Wlth out tY| n g u p Val ua b le e Rt S guailablos,4.5,6,8.9.10, 12,
. 18, 20, 24, 30V or 12V-0-12V or 15V-0-15V

A J it. 0-10V p !
HEWLETT-PACKARD 6260A DC Power supply unit, 0-10V at | operated (both primary from 230V) and DC output VOLT RANGE o - :

TF1152A/1. Power meter. 25W. 500MHz
£50. to give a maximum output voltage of 12.5DC when

system time.

m

TF1370A RC Osciliator £138.
TF791D Carrier Deviation Meter.

BECKMAN TURNS COUNTER DIALS

Miniature type (22mm diam.). Counting up

100 Amps. Metered output.

BPL. High-speed automator and component comparator.
Complete with test jig. )

BPL RM215L Breakdown and lonisation tester.

AVO Type No. 1. LC&R Component bridge. .
WAVYNE KERR AF signal generator S121 modei............. £85

connected in series. Deduct 10% from price for two
o'(;f or |more, i.e., 12V DC at 24A for £45 + Tax! Very
cheap!

VARIABLE VOL.TAGE BENCH SUPPLIESV
Variable voltage DC power supplies for workshop
use. Constant voltage, variable 0-30V output at 1A.

Neatly presented in handy case with
leads and connectors for 2 -drives.

sec’s. Volts available 5,7, 8, 10, |
25, 30, 33, 40 or 20V-0-20V or ch. 30(‘; (=¢

5

Needs +12V and +5V through stan-
dard drive connectors (provided).
Circle number for further details.

to 15 turn “Helipots”. Brand new with..
mounting instructions. Only £2.50 each.

Y VIDEO EQUIPMENT SALE

Cased, free standing, volt-metared output. Short

__d
SHUSvomnsw
88338k

' RADIOMETER Distortion Meter BKF6 £125, _ Casec
circuit proof. Size 4 x 5x 7"’. Only £30—each (pp

s252'lell].R?TuARBcl'éAOsSEC?{LBESgRIPEg'x ¢ £1'ISO)ICOMMUMCAHONS TESTEQUIPMENT ¥

MARCONI TF1066B/1. AM/FM Signal Genera-

BBResS

NN —m—maag

ELE TP,
00.
>33

GUNTENTS OF GOMPLETE Tektronix 454 DC-150MHz dual-beam X f,‘f;t,g,?,s“zg'ﬂ,Hi1802£’,¥z%ff,':\3’0ﬂ‘§‘§’§kHng€§6 x 12 s y
MONOGHHOME s'“lnlo oscilloscopes in stock now. 5mV/cm Y-am- ‘MARCONI TF995A/5 AM/FM Signal generator. 60 V'QEII;MZNGE RSO?REEIA“ED MISN'OT,ERES Pri 2£40V
. m ec Vo P&P

plifier (ImV cascaded). 2.4ns risetime.

Narrow deviation \model 995 covering 1.5- i | 1
Calibrated sweep delay. We can offer £450

4 :220mHz ) )
‘MARCONI TF1064B/5 FM signal generator’ g
covering in threa ranges 68-108, 118-185 and *
18 '450-470MHz. Modulation FM fixed deviations

¥ of 3.5 and 10KHz. AM fixed 30%......c..... £225 ¥

2x30V tapped secs voits available
6,8, 10,12, 16, 18, 20, 24, 30, 36, 40,

Price £135 + carriage and VAT Qe iy 2

200

MARCONI| Video/Audio mixing desks. )
Monochrome Video cameras com-: :hese units'ir: ﬁljst‘-t(:_:aiﬁrc;pe:ﬂtci,g?;;cgsg:-
plete with on-board monitors. ion complete with three month 5
Video monitors types CONRAC Il (9" paniee-foracnce orly price of E58,

.90
1.20
80

P&P |
1.50

Ng

PRI

pole) £2.50 ea. Tyge 520 (3-pole with switching
contacts) £4 ea. Please include 35p each for
postage on these. GPO type 316 jack plugs for
above 20p ea. {10+ post free), Plus VAT please.

No. DD30. Price ea. £12.50.

Carriage £1.50. Div.—5s/Div. Excellent condi-

tion.

PLEASE NOTE. All the precowned equipment shown has been
carefully tested in our workshop and reconditioned where neces-

. TOR. RF Output frequency 1MHz Standardised:
Stereo multiplex output signal. As new with
handbook. £195. "

PHILIPS Model PM6456/01 FM STEREO GENERA--

carry a three months guarantee. For our mail order customers we
have a money-back scheme. Repairs and servicing to all equipment
atvery reasonable rates. PLEASE ADD 15% VAT TO ALL PRICES.

| L o ea. 36p. 5

» © %W, 4.5 X 4.5 % 1.5" £4.50. 230V
' £5,115V,3 X 3 X 1.5" £4 + postage *

sary. it is sold in first-class operational condition and most items-

SYNCHRONOUS STEPPING MOTORS
‘Superior Electric (USA) make. 10V.DC '2A. 200
Steps per Rev. Torque (HOLD) 53 oz.in. Condition
brand new. £9.50 ea. Including postage and VAT.

Tel: 0582/416028

31

3.45

259

.. £2 2.41
tube) PROWEST 13"". § SPECIAL OFFER FOR THIS MONTH REDUCED T0 £850.00 I 4 MARCONI TF731D FM Deviation meter ...... £188 4 ‘ . 338 120
To be sold infirst-class working condi CABLE & _ WIRELESS e TEKTRONIX * % ROTRON INSTRUMENT E M ELKU IS I L I D gﬂ gg

tion. Telegraph Signalling Twin DC TYPE 565 with 2 off 2463 Y- || %' COOLING FANS 149 . a 339 1

Offers invited for complete lot. Power supply units. 240V AC A (Diff ; | 4 i : ; 2
- . input, DC output 80-0-80V. Di- | - (TAFS Dclaoofqr-«:)nzquﬂg l*. Supplied in excelient condition, fully ¥ kK ‘ : - - e 204220 ;g %8
GPO JACK SOCKET STRIPS, 20-WAY Type 320 (3- | mensions 8x7x19"". Modal BEseliiva A cloN s/l X StEs e d * 35A GUIIdfOI'd Street, Luton LU1 2NQ - St | ,0-15:27 483 150
* i 1A1A © 0-15:27,01527  7.30 1.60

Telex: 825828 MELKST G

Ref.
- 243
246

AUTO TRANSFORMERS
Voltages available 105, 115, 190, 200, 210,
230, 240. For step up or step down,

Ref. VA (ans) TAPS
15 0-10-115-210-240V
80 0-10-115-210-240V

500 0-10-115-200-220-240V

113*
64
G; 150 0-10-115-200-220-240V
84

1000 0-10-115-200-220-240V *

| - WW - 075 FOR FURTHER DETAILS

— | i 93 1500 0-10-115-200-220-240V

SUPERSEM

PLYMOUTH 0752 21256

95 2000 0-10-115-200-220-240V
\ i o psmO ALY 1
S -10-115-200-220-240V  93.01 OA

CASED AUTOS 57s 5000 0-10-115-200-220-240V  108.30 OA
240V cabie input USA 115V outlets CONSTANT VOLTAGE .

» TRANSFORMERS 5

For ‘clean’ mains to « SPECIALIST

computers, paripharals. . « TRANSFORMER

ScheTronics
Limited

. MEMORIES AT UNFORGETTABLE PRICES “ S0VA  Elsaas| pae T SeRvice
For repair and calibration of test equipment. L ) N Ssnr i, C1on : : | _E21312) + VAT
We a'flso ha:ve the following secon.d user LF/HF equip- 4116 P-3 200ns - " o w e TOROIDALS NOW
ment for sale. : g;:’gkLP 450ns 90 8 . : g A » | AVAILABLE exsroc
Siemens including Pegamat - W & G - H.P. - Hatfield T N Bl 250 555 130 | SOVASOVAIODVA 160VA230VA 330VA 530VA
Anritsu - Marconi - Fluke - STC -etc. .. 2732k 450ns ; 385 365 435 120 Send stamp for list
BO81 P45 Cmos ' 225 215 553 140 fe e e T
i ns ! 6.55 —
U'(‘:'rta}:(:} B:ﬁ;t:lc!s::a;te 533‘,3% 2,?-?"8 g_gg i OTHER PRODUCTS
-bi o 2.90 MAINS BATTERY ELIMINATORS
Belvedere, Kent DA17 6AW 8080AP CPU 215 205 M 5Lt hoge Eigato | N5 wbin, road o lug to T34 soke. 3, 45,

;; _('_E\}esctronic)s& £49.30 | ANTEX SOLDE
ervice, £68.90 RING IRONS 15W. CCN2. 0
MMS5 Minor £43.60 |Safety stand 1.7g;sw X250 o Cf"g
| DA211LCD Digital £58.50 |12V 25W car soldering kit
DA212 LCD Digital £81.90 E P&P 50p +
DA116 LCD Digital £131.30 — — - >
Megger 70143500v _ £87.20 | PANEL METERS £6.70 ea + 76p P/P + VAT
Magger Battery BM7 £71.60 | 43 X 43mmor 82 X 78mm V.U. indicator
Avo Cases and Accessories S0pA, 500uA, 1mA, 30V d.c.etc,  £1.95-+30p P&P+VAT
P&P £] .32 + VAT 15% ducational Meter 10A8 30V £4.50+ VAT

Telebhone: 01-311 9657 8085A CPU 2.80 2,65
; 8155P + Timer. 310 . 295

8156P + Timer. 3.45 3.25

8212P i/o Port 1.10 1.05

8216 Bus Driver 1.00

8224P Clock Gen ... : 1.20

8226P Bus + B/Drives. > Al 87

8228P System Cont 215

8243P i/0 Exp d 1.95

8251AP Prog. Int./Face. o= 250

8253P Prog. Int/Time - 3 3.40

8255AP Perip./Inter... . 2 215

8257P DMA Cont . 3.65

8259 Inter Cont.... 3.40

8279P Key Disp... 450

4044 P-3 300ns 1.80 1.70

ers

FAST DELIVERY : TOP QUALITY
Send for our NEW Semi-Conductor Catalogue

Phone 0752 21256

SUPERSEM & vose

> Drake Circus
-Export enquiries welcome - Plymouth PL4 BAQ

4.
£5.30

WW 073—FOR FURTHER INFORMATION

ANY MAKE-UP
OR COPY |
QUERIES CONTACT
BRIAN BANNISTER
01-661 3500
- extension 8648

* RS232 Interface * Powerful Tiny * Autostart Operation

with Watchdog Timer

Accommodates Instant
ROM@ Modules

48 /0 Lines Basic Processor

5k Up 15 16K Byte EPROM
EPROM Programmer

The Essex Tiny Basic Computer is an ideal choice
for data acquisition and process control systems. its
crystal controlled timer and interrupts provide
accurate timing and fast response to critical events,
while the watchdog timer ensures reliable operation.
Programs can be entered and testedfrom anRS232
terminal, and then be copied into EPROM. Alter-
natively, Instant ROM modules may be used both
during development and for program storage.
"INSTANT ROM is the trademark of Greenwich tnstruments

PRICE EXCLUDING VAT: £185 — CARRIAGE WITHIN THE UK £2
— PLEASE SEND FOR FULL INFORMATION

Essex Electronics Centre

University of Essex, Colchester, CO4 3SQ.
Telephone: Colchester (0206) 865089

Precision De-Solder Pumps - Spring loaded
quick action button release for one hand
working, Large £5.86 P&P 35p+VAT. Small £5.17
P&P 30p+VAT. Replacement tips: Small
85p+VAT. Large 86p+VAT.

Ventilated transformer cases now available in
?.lz.esri sheet steel, grey stove enamel, hammer
fnish. 1

124 £2.85 METAL OXIDE RESISTORS £1/100
P&P 20p. VAT 15% ‘S,reclal Offer TR4 5% Electrosil (100s only). Use in place
c.film, 4702 - 750 - 180¢} - 3600 - 3500} - 43011 - 47041 -
510{) - 56041 - 8200 - 1K - 1K2 - 1K3 - 1K6 - 1K8 - 2K - 2K4 -
3K - 16K - 20K - 22K - 24K - 27K - 47K - 82K - 100K - 110K -
120K - 130K - 180K - 220K - 270K - 300K. P&P 30p + VAT

Barrie Electronics Ltd.
3,THE MINORIES,LONDON EC 3N 1BJ
TELEPHONE: 01-488 3316/7/8

NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST

Send 20p for catalogue.
Prices correct at 20/3/81

WW - 034 FOR FURTHER DETAILS

WW-070 FOR FURTHER DETAILS
WIRELESS WORLD JULY 1982

WIRELESS WORLD JULY 1982

g www americanradiohistory com



2 COMPUTER WAREHOUSE

BULK mamscooe N Couscorogs
BUY or y

4164 200 NS €8.50 each 170 1.10
SPECIALS

WIRE WRAP SKTS.
24 Pin Vero 28p

14 Pin Gold 22p

16 Pin Gold 24p

100 PCS Min Ord.

100+
0.95
1.00

25p
255

2102-650 NS 8 for £5.50 1.80 1.20
ALL -+ VAT

MONDAY-SATURDAY

have well been made for your lab., they consist of a semi-

Editorial or Advertisement pages
of this issue, please complete one
or more of the attached cards
entering the reference number(s).
Your enquiries will be passed on to

9.30-5.30 .

RF CONNECTORS
500 BNC PLG 50p
75Q BNC PLG 50p
PL253 PLG 40p
$0239 SKT 35p
100 PCS MIN ORD.

c10
DATA CASSETTES
10 for £5.75
IRE. VAT

Postage Do not affix Postage Stamps if posted in
] will be Gt Britain, Channel Islands, N Ireland
= To obtain further details of any of paid by or the Isle of Man
NOW OPEN the coded items mentioned in the Licensee

BUSINESS REPLY SERVICE

L = the manufacturers concerned and Licence No 12045
TELETYPE ASR33 “OLIVETTI TE300” EXPERIMENTORS you can expect to hear from them
I/0 TERMINALS PRINTER/TERMINALS 'i‘s&él‘;-és;;'zl.ev STOP PRESS direct in due course. Cards posted WIRELESS WORLD - A
- R e i for SUEREEo 0P from abroad require a stamp. Eze;ge_r E:;qmrny ssnice :
2 oy e L e These Service Card i righton Roa == ' \
5 ,’:‘;\\ . mﬁmmfu;m.“.‘f v\d\a?w:fsold R GENTHONIGS B Months fro mat; i dare valid for South Croydon . g
demand last time they were advertised!!! These units mayjust 139_2 PHI“TERS S f_‘ e date of su"ey CR2 9PS

] P
g N =
\ +5v @ 2 amps OC
Y
- -12v @ 800 ma OC
: From£195 * SA%
| Fully fledged industry standard ASR33 data ter-
minal. Many features including: ASCIl keyboard
and printer for data | O, auto data detect circuitry,
RS232 serial interface, 110 baud, 8 bit paper tape
punch and reader for off line data preparation and
 ridiculously cheap and reliable data storage. Sup-
plied in good condition and in working order
Options: Floorstand£12.50 + VAT

A complete 1/0 terminal with integral 8 hole
paper tape punch and reader, full ASCII
keyboard, 120 column printer, and control
unit The printer is capable of 150 baud with a
serial TTL or balanced input-output sold in
good overall condition but untested. Complete
with circuit unguaranteed. Connect direct to
your microat ONLY £99.00 +£11.50 carr+

leads. Units accept standard 240v

enclosed chassis measuring 160mm x 120mm x 350mm
containing al silicon electronics to give the following fully
- regulated-and short circuit proof outpits of:

+ 12v @ 800 ma OC
+ 24v @ 350 ma DC
and if that's notenough a fully fioatingSv output @ 50 maOC
which may be seresed fo give a host of other voitages. All
outputs are brought ot to the front panal via miniature jack
sockets and are also dupkicated at the rear on shart flying

ex GPO and may have minor scratches on the front panels,
they are sold untested but in good intemal condition.
£16.50 each + £2.50 p-+p complete with circuit

publication,

£299+VAT+£10 carr. Please Use Capital Letters

Datasheet on request

DISTEL ©

" “Dial our Database!”

Get information on 1000's of stock
itemns and order viayourcomputer. 300
baud on 01-689 6800

18.30 to 0900 6 days a week and alt

If you are way down on the
circulation list, you may not be
getting the information you
require from the journal as

mains input. They are

d. HURRY

KSR33 With 20ma loop interface £125.00 + VAT,
Sound proof enclosure £25.00 + VAT

DIABLO $30 DISK DRIVES

THE PRINTER SCOOP OF THE YEAR

IBM or ANSI standard giving a massive 0.8 M

and list. Transh
WHILE STOCKS LAST!

soon as you should. Why not

day Sundays. IT’S FREE!
5 . have your own copy ?

SOFTY1 &2

IDEAL- Maita: W. H. Smith

I N G SN PR N e Y3 1N R D I ) GRS W S|

.

Enquiry Service for Professional
I Readers

r !

~

CED ST M SRS SRR S S S GEp anmms mues on CUT MERE -————————_—

WIRELESS WORLD Wireless World, July 1982 WW 267

Please arrange for me to'receive further detaijs of the products listed,

f

EPROM BLOWER ! l WW ! \A
Another shipment allows us to offer EOMB THE LOGABAX Z80 MICROPROCESSOR CONTROLLED xm:s ie‘\cfelgsmr:D:»;st‘terza:\s/zgael:yksogogl7f10é 2275('){;8":2 s ctahaes ear". bl - F AV PR W,W -+« | the appropriate reference numbers of which have been entered in the
PanGTeit Smon i onsnd T LX180L MATRIX PRINTER Jor. o oe. reads EPROMS or emulates EPROM/ROM/RAM ' s : Yd_ § subscription | ww.. WW.... WW....| spaceprovided. ‘
| A P v ) 1 lin situ whilst displaying contents on domestic TV receiver. Many ou ma i
:;’a"“':g"“’i Z‘l’:hifc;‘;:‘yﬁzfl“::"f';"’ "‘gﬁfer e s [ Amassive bulk purchase enables us to offer you this other features. £116 + carr. + VAT. Optional 2716, 2716 y : yapply CHeRLEEEN | ' Ww.. U T s o o of R Eioe aiian 3000 JEaagd ot T 0 o dh o8 L0 B T Big L1 £ 0 To0E
elec cally , only ditt superb professianal printer at a fraction of its recent Eunction Card £40 + VAT. PSU £20 + £1.50 carr. + VAT. using the card at the bottom Of ’
is tl"n(e convenience of changing the disk cost of aver £2000. Utilising the very latestin " Softy 2 for 2716/2732 £169+var (Ww ww ww
packs. i » microprocessar technolagy, it features a host of g i 2 * ' L A to ool Nam#of COmMPaNY ... vvvevrienacen eunnaennns . !
S30 front loader, pack change via front facilities with all electronics on one piug in P.C.B. Just Write of phone for more details. this page. You may also apply to W @0f Company . ......oviiii e
door £550 + vat - study the specification and you willinstantly realise it o'’ VIDEO " - . 5 w.. WW.... Ww. ..
: : ; meets all the requirements of the most exacting the agent nearest to you their L p
s30 fnxod,g%‘ack change via remaval of top B0l ssinalnLb\iE ser MONITORS =k g ’ WW . ww ww Addressps. R B o I o) SR § N B S o
cover £235 +vat STANDARD FUNCTIONS + Full ASCIN character set % Standard ; _ , : addréss is shown below. e | o g N
+ & — 15v PSU for 2 drives £125 + vat inkri 5 "
— 15y or 2 drives ink ribbon 4 RS232/V24 serial interface — 7 xtal controiled baud rates up Ex-equipment 9 Motorola Video Monitors 752 composite wWw ww WW
Carriage & insurance ondrives £15.00 +vat fully 09600 + 194 characters per line % Parallel interface % Handshakes on serialand parallel 8 input, tested but unguaranted. £39.99 +£7.50 carriage a D oyl 040 o oM 8i| o a0 ® daoo 8o 600k abo o MO c M OB 00 c ok 5o akdic,d o0 Lsalclo ok, Mol o o
DEC RKOB, NOVA, TEXAS compatable furtherinfoon J ports # 4 Type fonts, italic script, double width, italic large, standard # Internal buffer ¥ VAT, Complete with cifcuit OVERSEAS SUBSCRIPTION c
controllers etc on request. % Internal self test % 170 CPS + Variable paper tractor up to 17.5" wide % Solid steel 3 4 AGENTS = WW.. WW..... Ww.. .| Telephone Number )
— : construction % All software in 2708 eproms easily reconfigured for custom fonts etc. S E M ICO N D U CTO R b4 el ) SRl SSRETI0 BIgiol TOMIO o R AR R TP <R ROl
|
VNSRS 1 = 2 £ i this and more, not refurished bur BRANO NEW At 0nly £D2D +var 'GRAB BAGS’ Australia: Gordon&  Japan: Westar Pubica- ww. WW.... ww....
. | otc ustralasia) Ltd, tions Distribution Agency, PUBLISHERS
fooiessionalgpe] mains " fiters as used by “Mann Frame l§f OpTIONAL EXTRAS * lowercase option£ 25.00* 1 6k bufferf 30.00 * Secondtractor for SEEREES - e —— 380 Lonsdale Street, 170 Nishi-Okubo Ww. . WW.... WW... .|| use oNLY | AE
foa dataac recs' jdeal for curing those unnerving "9 uPS B simultagous dual forms £85.00 * Floor stand £45.00 * specialist carriage £19.00 All Mixed Semis amazing value contents include transistars, digital, finear, Lo & Melbourne 3000, Victoria 4-chome, Shinjuku-Ku, |
glitches, fit one now and cure your problems! items plus VAT data sheet on request triacs, diodes, bridge recs., etc. etc. All devices guarantesd brand new full spec Tokyo 160 WW =
g:;ppveslslmF?gxgtgggos Aé?as;g\giﬁgl? - P 2 with manufacturer’s markings, fully guaranteed. 50+ bag £2.95 100+ bag £5.15 Belgium: Agencé o .. ww “ e ww e %
rcom Inc amp b pp£l. TTL 74 Series 8 e e
2 3 o - 1 Messageries de la Presse, Lebanon: Levant Distri- Position in Company . . ... . S
I \ d 23 TTL 1.C. " E i " TEO R LR 0 (R 0 LY TN P
pcsystemsuprly. 8 FLOPPY DISK DRIVES s W oo iatalir o v i ’
! three chips in the hag would narmally cost to buy. Brussels Agall . -
rof:grz\alt\J/Ny cased fan cooled system supply. J H ] Fully guaranteed at |,C.s full spec. 100+ £6.30 200+ £12.30 300+ £13.50 A a4 W Hanna Bidg, Beirut WW . . WW.... Ww.., .| Natureof Company/Business.......... Bt & ok b el 8% Mo
tandard 240 V ac inputwith the followingDC outputs B8\ npelievable value the DRE 7100 & 7200 8" disk ada: Davis Circuiation o . f
5V@ 11amps+15-17v@amps,-15-17v@8amps d,?vesﬁz?i’;etl"e‘éﬁe;m.,ndogymgwe?&‘i 00% FULLY CASED :qencv,‘:’m slt_. Clair 5 m;';g:::{;gg‘:sahd Ww.. WW.... WW....| No. of emnloyees at this establishment . .. .................. 210 ok
and +24v @ 4 amps. All outputs are fully crowbar bus compatability with mostdrives available today, the ASC" CODED gonueNestiloionto & Times House, i :
protected and the 5 volt output is fully regufated. Sold W only difference being our PRICE and the superb Ry elio 390 Kim Seng Road ww. . WW.... ww.... i i
tested and in a naw or little used condition complete [l manufacturing quality. The 7100 single sided & KEYBOAR DS s ! esnuM o . I wish to subscribe to Wireless Warld D
with circuit £55.00 + carr£8.50+ vatDIM 15.5" x 9" x 6 # 7200 double sided drive acce pthard or softsectoring. 2VPI’UI: General Press . Singapore 9, Malaysia. WW WW WW
P gency Ltd, 131 Pro- . 3. ol W o A VALID FOR SIX MONTHS ONLY

NATIONAL MA1012 LED
~ CLOCK MODULE

* 12 HOUR , ! i‘

* ALARM
*50/60 HZ

| The same module as used in most ALARM/CLOCK
radios today, the only difference is our price! All
electronics are mounted on a PCB measuring only
3" x 1}" and by addition of a few switches and 5/16
volts AC you have a multi function alarm clock at a
fraction of cost. Other features include snooze
timer, am pm, alarm set, power fail indicator, flash-
ing seconds cursor, modulated alarm output etc.

{7100) & 1.6 MB {7200) of storage. Absolutely
SHUGART, BASF, SIEMENS etc compatable.

Supplied BRAND NEW with user manual and 90 day warranty.
7100 singlesided ................... ey o, . RSN .£225.00 +9.50 carr + vat
7200 doubie sided . . ad o . £295.00 +9.50 carr + vat
full technical manual £20.00 alone £8.00 with drive, refund of difference on purchase of drive.
Data sheet on request.

ISPECIAL new, KODE PSU, drives 2 DRE drives £38.98 + carr+ vat

8" single sided, single or double density diskettes £1.80 each£16.00 for 10

COOLING FANSPECIAL

eep your equipment cool and rettdble with our range of professtonal'fans.
ETRI99XUO1 Miniature equipment fan 240 vac working DIM 92 x32 x 25 mm BRAND NEW|
complete with finger guard. Makers price £16 our price £10.25
BUHLER 69.11.22 micro miniature 8-16 vDC reversible fan. Measures only 62 x 62 x 22 mm|
Uses a brushless DC servo motor, almostsifent running ideal portable equipment, life inexcess of

‘ibcase + vat.

dromou Street, P.O. Box

4528, Nicosia Continental Ltd,

TANGERINE, C
18a Scots Street, Valleta

OHIO ETC,
-Renmark: Dansk
Bladdistribution,
Hovedvagtsgade 8,
Dk. 1103 Kobenhavn.

New Zealend: Gordon &
Gotch {Nsw Zealand) Ltd,
102 Adelaide Road,
Wellington2 -

Straight from the U.S.A. made by the world famous R.C.A. Co, the
VP60 Series of cased freestanding keyboards meet all require-
ments of the most exacting user, right down to the price!
Utilising the fatest in switch technology. Guaranteed in excess of
5 million operations, The keyboard has a host of other features
including full ASCIl 128 character set, user definable keys,
upper/lower case, rollover protection, single 5V rail, keyboard
impervious to liquids and dust, TTL or CMOS outputs, even an
on-board tone generator for keypress feedback, and a 1 year ful
R.C.A. backed guarantee.

VP601 7 bit fully coded output with delayed

strobe, etc.

VP611 Same as VPBO1 with numeric pad.

Finland: Rautakirja OY,
Koivuvaarankuje 2,
01640 Vantaa 64, Finland.

Nigerla: Daily Times of
Nigeria Ltd, 3 Kekawa
Streat, P.O. Box 139,

. Lagos

France : Dawson-France
S.A., B.P.40; F-91121,
Palaiseau

Norway: A/S Narvesens
Kioskompani, Bertrand

) Naryesens vei 2, Oslo 6
Qermany:W. E. Saarbach
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Wireless World:
Subscription Order Form

Supplied brand new with full data only 10.000 hours. BRAND NEW manufacturers price £32.00 our price £13.95 - n At
H : VP606 Serial, R$232, 20MA and TTL output, with GmbH, 5Koin 1, Portugal: Livaria
Suitable transformer £1.75. £5.25 MUFFIN/CENTAUR coolng fans, tesed ex equipment 240v £6:50, 115v £5.50 + pétolil g i bl Boug ates. [Erb.Bxin portudg
KOOL TRONICS Powerful snail type blower gives massive air movement with centrifugal rotorfl ¥P816 Same as VP60E, with numeric pad, Apartado 37, Amadora

ELECTRONIC 0 DIMasacube8” x8" x6” air aperture 2.5" x 2.5” with flange fixing. BRANDNEW 110v50 Hzll Fug and cable for VP601, VP61 £2.25 . Greece: Hellenic § q -

o ac working ONLY £9.95 + £1.30 pép. Plug for VP606, VPGS €210 R henieancy o onty L4, PO, To become a subscriber to Wireless World

& EQUIPMENT 1 Post, Packing and Insurance. 13 PN S henniesh »

GROER NOW QR SEND FOR DETALS. horou Avane Rox1033 ebeniestur please complete the reverse side of

__DISCOUNT

Due to our massive bulk purchasing programme
which enables us to bring you the best possible
bargains, we have thousands of |.C.'s, Transistors,
Relays, Cap's., P.C.B.’s, Sub-assemblies, Switches,
etc. etc. surplus to our requirements. Because we
don’t have sufficient stocks of any one item to
include in our ads., we are packing alt these items
into the “BARGAIN PARCEL OF A LIFETIME"”
Thousands of components at giveaway prices!
Guaranteed to be worth at teast 3 times what you
pay plus we always include something from our ads.
for unbeatable value!! Sold by weight

25kis £ 4.75+pp £1.25 5kis € 6.75+pp £1.80
10ds £11.75+pp £2.25  20kds £19.99+pp £4.75

ELECTRONICS

Oept. W.W., 64-66 Melfort Rd., Thornton Heath, MAIL ORDE
Croydon, Surrey. Tul: 01-689 7702 or 01-689 6800 INFORMATION
Unless otherwise stated all prices inclusive of V.A.T. Cash with order. Minimum
order vaiue £2.00 Prices and Postage quoted for UK only. Where post and
packing not indicated please add 80p per order. Bona Fida account orders
minimum £20.00. Export and trade enquiries welcorme. Orders despatched

_ same day where possible. 3% surcharge on Access and Barclaycard orders.

WW — 076 FOR FURTHER DETAILS - -
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Nea Smymi, Greece.

@ Spaln: Comercial
Atheneum 8.8. Consejo de
Ciento, 130-136 Barcelona
15

5v D.C. POWER SUPPLIES

ollowing the recent “SELL OUT" demand for our bv
~3amp P.S.U. we have managed to secure a large quan-
tity of ex-computer systems P'S.U.’s with the following
spec.; 240 or 110v A.C. input. Outputs of 5v @ 3-4
. amps, 7.2v @ 3 amps and 6.5v @ 1 amp. The 5v and
7.2v outputs are fully regulated and adjustable with
variable current limiting on the 5v supply. Unit is self
§ contained on a P.C.B. measuring only 12" x 5" x 3"
The 7.2v output is ideal for feeding “on board’’ regu-
lators or a further 3 amp LM323K regulator to give an
| effective 5v @ 7 amp supply. 2
Supplied complete with circuit at only: £10.95 + £1.75pp.
| Believed working but untested, unguaranteed.

Holtand: Van DitmarN.V,,
Oostslijke Handelskade 11,
Amsterdam 1004

den: Wennegren
wiltiams A B. Fack S-104,
26 Stockholm 30

India: ¥ ional Book
Houss, Indian Mercantile’
Mansion Ext, Madame

Cama d, Boml 1
£ il gwitzerland : Naville &

Cie SA, Rue Levrier5-7,
CH-1211 Geneve 1
- Schmidt Agence AG,
Savogelstrasse 34,
4002 Basle

Iran: A.D.A., 151 Khiaban
Soraya, Tehran

Israel: Stelmatzky's
Agency Ltd, Cittus House,
P.0. Box 628, Tel Aviv

D D I D SN S FYIM 10O D GRS GRS GRS GRS SIS SE St S S S SR S e B} E]

U.S.A.: John Barios,
1PC Business Press,

206 East 42nd Street,
New York, N.Y. 10017

Itaty: Intercontinentat
5.a.s. Via Veracini 9,
20124 Mitano
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this form and retlurn it with your

remittance to:

Subscription Manager, 1!
IPC Business Press,

Oakfield House, Perrymount Road,
Haywards Heath, Sussex RH16 3DH,
England ‘ '



énquiry Service for Professional
Readers ONLY.
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Please arrange for me to receive further details of the products listed,
the appropriate reference numbers of which have been entered in the
space provided.

SEELLEELELELEEE

Name of COMPANY .. .. .ottt ie et toe e s toas s

.
.
.
.
v

L S ,

.........................................................

Nature of Company/Business . . . . ... ........ ...t urnnunnansnens

No. of employees. at this estabflishment . . ................. 400000

.
.
4
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VALID FOR SIX MONTHS ONLY
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Postage Do not affix Pdstage Stamps if posted in
will be Gt Britain, Channel Islands, N ireland
paid by or the Isle of Man

Licensee

BUSINESS REPLY SERVICE
- Licence No 12045 3

F¥ k]
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AFTER!

PUT A SMILE BACK ON
YOUR OLD AVOMETER!

WIRELESS WORLD
Reader Enquiry Service
429 Brighton Road
South Croydon

Surrey CR2 9PS

Yy 7 ¥ r° 1 I T J<'s HERE-—————n——— L 1}

Wireless World  Subscription Order Form

Wireless World, July 1982 WW 267

UK subscription rates l USA & Canada subscription rates
7 year: £12.00 I 1 year: $39.00
Overseas 7 year: £15.00 i

Please enter my subscription to Wireless World for 1 year

| enclose ranittaﬁce VAN, ...t srneon e, IBA @ paYable to

IPC BUSINESS PRESS Ltd.
Namey. == 0w U A T e Y. B i flbrr = R A
Address............ooovrvvrerssiceemcn | A W R AT

-———————_——— LENEN Vel ]

Send it now for estimate,
repairor recalibration

Quick turn round
on estimates/repairs

Large stocks of new
AVOMETERS

Avo Sales and Service

23 Farnell Co | o
© International

‘Farnell International Instruments Ltd.,
Sandbeck Way , Wetherby

West Yorkshire L.S22 4DH
Tel 0937 61961 Telex 55478 Farint G

WW-—004 FOR FURTHER DETAILS

YOU DON'T NEED ME TO DETECT
o CROTECH'S VALUE

Its elementary. . Just look at the 3030 at £150
and the 3131 at £240, both are 16BMHz scopes with
5mV/Div maximum deflection coefficient. And the
Dual Trace 3131 has matched X—Y, Algebraic Add
and Subtract, and TV Trigger, all selected on easy
to use clearly marked push buttons. -

But that’s:not all, both incorporate a Component
Tester, yes, even the Single Trace 3030, for the in
or out of circuit testing of semiconductor and
passive devices. With the resultant characteristic
being displayed directly on the CRT,

Theres only one thing left to say . . .

Do you want a Violinist?

For full details just fill in the enquiry card or call
us direct.

Crotech instruments Limited

5 Nimrod Way - Elgar Road - Reading - Berkshire
RG2 OEB - United Kingdom

Telephone: (0734) 866945 . Telex: 847073 POWLIN G

WW — 010 FOR FURTHER DETAILS'

ISSIONALS...

If you are looking for amplification, take advantage of the same superb quality Crimson modules that the BBC, IBA, KEF and numerous recordin
studios have been using for years! Our expertise in this field of electronic design is internationally renowned, our r'eputatlon is based on qualltyz
reliability and value for money and when it comes to technology, our modules feature possibly some of the world's most advanced audio circuitry
yet devised.The Crimson range of audio amplifier modules is available to industry and publicalike and is backed by full technical data, free technical
advisory service, fast delivery and a full range of complimentary components available such as toroidal power supplies and heatsinks, etc.
SPECIFICATIONS

o/P o/P Slew

Type 8ohms* 4 ohms PSU H/sinks fimit S/N Sensitivity THD (typ) FR(- 3dB} Size

CE 608 38 ‘S CPS 80 H550 30vus 110d8B 775mv 0.0035% 1.5HZ—S0KHzZ 80—120—25
CE1004 a4 70 CP5150 H550/100 30vus 110d8 775mv 0.0035% 1.5Hz—50KHZ 80—120—25
CE1008 65 - CP5150 H550/100 30vVus 110d8 775mv 0.0035% 1.5Hz—50KHZ 80—120—25
CE1704 85 121 CP5250  HS5100/150/FM1 30Vus 110d8B 775mv 0.0035% 1.5Hz—50KHz 80—120—25
CE1708 125 = CP5250 H5100/150/FM1 - 30VuS 110dB 775mv 0.0035% 1.5Hz—50KHz 80—120—25
CE3004 170 250 CP5250 H5150/FM2 30vus 110dB 775mv 0.008 % 1.5HZ—S50KHZ 161—102—35
CPR1X output 775mv REG1 — 3vus 70dB 2.8mV 0.008 % 10HzZ —50KHz 138— 80—35
MC1X output 2mv REG1 — 3vus 65dB 70/150uv 0.008 % 10Hz —50KHz 80—120—35
X02/3 output 775-2500mv REG1 — 9vus 90dB 775mVv 001 % Preset 150— 50—20

*Power output is quoted in WRMS and is given for two modules off the same power supply. Higher powers can be obtained if using our dual power supplies or
one module per PSU or if using a stabilised pdwer supply.
NEW: We now have a completely new Hi-Fi Kit package to offer:

ins - ircui A
Crimson modular audio amplifiers feature CK 1010 contains pre-amp circuitry, all metalwork, connectors, wire, etc., to make a

« low values of transient and steadystate completeREgEmplifter. :
B R R e R L ey CK 1040 contains power amp modules, all metalwork, dual power supply, connec-
Hz) less than 0.05% # on board efectronic tors, heatsinks, wire, etc., to make a complete 40 w/channel power amplifier.
T L LIUEL TR T vl CS 1100 as CK 1040 but at 100 w/channel
T L R LN Ty yrrareivisitogy Un'ike other module manufacturers CRIMSON have a major share of the esoteric,
components avallable le. Psus, heatsinks, etc. Spe(_:lallst_Hl-Fl market. Unlike many manuchturers we acknowledge the massive
> audible differences that smail component/circuit changes can produce. However
Jour amplifiers are technically outstanding and have been subjectively ‘tuned’ to a
stunning level of crisp and detailed reproduction. '

PRICES

Power amp modules Power supply modules Heatsinks All pricesinclude VAT. Please add £1.10f0r ordersup
CE 608 .00 Gp580 £26.24 HS 50 £ 1.84 t0 £20.00, £2.50 up to £50 and £2.65 £50 and over.
CE1004 £2450 cps80D £31.77 H5100 £ 2.99 To aliow for post and packing (UK only).

CE1008 £27.50 CPS150 £29.74 H5 50 £ 420

CE1704 £3500 CPS1500 £3640 FWM1 £36.95 Export—No problem. Please write for
CE1708 £3500 CP5250 £36.83 FM2 £41.52 quotation or guote youP Visa/Master-
CE3004 £49.00 CPS2500 £45.34 Charge card number.

Pre amp modules
CPRIX £36.00 Active crossovers COMPLETEKITS
MC1X £32.00 x02
REG1 £930 xo03
TR6 £330 mw

CrimsonHekirik

9 Claymill Road, Leicester LEa 7,5 = Tel 0533 761920 -

Telex 34964 Chamco G Crimiek
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ECC83

ECCB82 Philips
1.10

ECC83 Philips
1.10

. ECCB4 0.80

Gladestry, Kington
Herefordshire HR5 3NY
Tel. (054 422) 618 or 628

83,
Q595/10
108/45
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TEST EQUIPMENT

GC10/4E 1
GD85M/S

Part type 1 off zs-gg 100 ‘;B - -
4116 200ns SOBE g - i A0 I 052 .00 83.50 | 6/30L2 0.70 - B
izl A T | 2 i 2 : STOCK OF BRANDED VALVES i 1% £ T % i %32 i
4816 100ns For BBC comp 330 295 270 a ; i s : = 100 %0 190 150 28 Frod 105
4164 200ns 615 525 465 W Anawe 230 (%] 120 14 - Aioss 1180 | Bk 3% -] %0 1289 0 80 oo oae > 210
2114 200ns Low power ol T AT 95 T 7% 1% % ¥ s | o 23 o o 120 7 150 - 12 150 1000
4118 250m 1" 58 a1 26 i3 = 18 | A H 4n | GE EE I m % (R iz . |22 4B i i | TR | B R
ns o . i . : i .50 45 19.00 | EAS2  29.00 350 i 350 100 0.48 23 ; 1% g
1.75 635 250 TBA641BX1 . .65 .00 19.00 Y X
5708 450n8 > 195 7% 1m0 £ ] 22 | el 2 B | e g EE I8 2 i H 8 o - £ %
2708 450ns 1.95 . . p e e kL % 24 | Easgis 150 1200 %0 3% 400 o2 150 ] .0
2716 450ns 5 volt 2.25 2.15 1.95 270 288 1% 245 - 35 | EAaceo ose 150 o 20 -y 3% A 1% 058 150
2716 450ns three rail 6.40 g.OO ggg 22 4 e 1% s iz 1.40 s 6.00 6% 500 % o 080 8%
2732 450ns Intel type 4.25 .95 4 350 196 295 245 i : 140 pooy 328 y . 2700 200 ! &0
2632 480ns Texas type 425 395  3.35 2% i 218 1% 2 1% % 183 i 8 i 2% | % 8% 3% 2%
5.50 6.00 250 135 15 200 052 400 e 070 150 2.00 e £ 150 6.00
ZB0A-CPU £4.75 Z80A-P10 £4.25 ZBOA-CTC £4.25 2% 13 a3 -4 % 900 28 300 o o 1% e 2% 120 10 1850
29 110 180 280 % 150 b 57 e 078 150 8% b e 105 1600
Low profile ICsockets: Pins 8 14 16 18 20 22 24 §8 gg EZ& é?é 1&2%( 1331?% }zg . 150 1 o190 i 1 180 1300 Eig t?ﬁosg 8:3% :E:..g
Pence9 10 11 14 15 18 19 5 0.95 185 TAA700 1.70 1.48 2.:2 0.70 0.75 0.85 325 0.70 11.95 10.00 1650 125 3;5 1850
1| . o 3 i % 2 1 i | o i g o8 i i
Soft-sectored floppy discs per 10 in plastic library case: 078 1% | TRAizoB 030 i i iea 8::’% 500 }'§ o:aoo 305 0% 3% 2% 30 1850 09 |
5inch SSSD£17.00° 5inch SSDD£19.25 5 inch DSDD £21.00 150 | SN7elloNoss | THAI20S 070 110 | TDA9503 395 200 035 05 400 | QEC310 380 150 £00 o 3% 2% 2%
8inch SSSD£19.25 8inch SSDD£23.65 8inch DSDD £25.50 23 130 | Teauesd o 1% UpC11asH 3.95 % 180 o 400 | Qeog200 J2.00 o o B 395 200
MC140118CP 105 | TBAT20U 1. 2 06 400 2.00 350 | QP25 100 2.00 0.05 300 0.70 e g
74LS series TTL, large stocks at low prices with DIY discounts o M0 | TEANS ) }-5 0% s 1.9 H | SRR A B X i 120 0%
starting at a mix of just 25 pieces. Write or telephone for list. Mi2528 1% }:32 ToAU4ON ¥I ;_ﬁ 120 450 23 a0 29 259 :igg 250 50 080
i i 7 LS Y : 67.00 1.00 8.00 150 0.85 120 i : 050 5.00
Please add 30p post & packing to orders under £15 and VAT to MizioB 270 o8 | Teasica 1. 3 e300 080 10.00 te0 | 1950 100 100 17 35 15 -
total. Access & Barcla i 054 422 Wy =8 O ] S 0 BTI7A 85,00 4 0.80 1950 | 9avozs 1278 o0 g 160 150 0.0 1950
; ycard welcome. 24hr. service on ( ) Ml922 329 | SN76651N150 | TBAG20Q 1. 15 .00 .60 - 100 | QQv03-10 4.50 0.80 920 100 160 150 3.00
618. Government & Educational orders welcome, £15 , = B o o by 078 | QQvos-20A reat 1i00 1.08 080 185 5.00
minimum. Trade accounts operated SEMICONDUCTORS h :gé 48 100 3% e o8z, OOVW-?O:;:: 20 1% 1% 08 130 1%
Telephone or write for details: 22 | BCl5a  Oae o 37 80 150 4.00 2 180 | cavos40A o0 280 % 280 9% e
30 | Bcies o o3 :g zg:g 1% o 068 | aazosdoh 00 01):55 = o 2 1
HAPPY MEMORIES (WW) 3E S X 42 5216 ] o 1% | asysi0 ‘530 1% 2 550 120
Bc171 o .42 15.50 0.55 3 9.00° | GS75/40 3.00 115 00 0.50 300
° 75 80.00. 0.60 z ® | a3 200 1% 72 1.10 -
0 - ! ! - 1 i
: v 3% : % oo : =
2 i ¥ i i : &
8 ? j
o ! 50
.78
8 %0
8 86
by .80
0 .50
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5 85
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£ :_7’§
90 00
2% 20 3 =
.32 i 50 X
0.32 .65 50 2 .80
.75 1 .05
Telequipment D75 Scope..... e 20 o 210 : 20 5
Tek. 2901 Time/Mark Gen. 042 20 .00 % 5.00 00 o .85
Tek. 191 Const. Amp. Gen. .. 175 0.22 1.00 = 65 o 0 125 25 e
Tek. 577 Storage Curve Tracer. = 2% % .00 % 150 80 s % 2% |
Tek. 577 N&n-Stgrage C/Tracer.. g1 o34 1z = = i £ 250 .00 095 .
Tek. 545A Main Frame .. 010 029 100 45 1025 Zod 50 060 00 e
Tek. 521A Vectorscope ...... 010 oz - % 12 350 % : 180 1 i k:
Tek. |L303 Sspec. Anasl. Plug-in T g10 28 130 |25 2 3% e poes Bl :Ig 200 by 1
Tek. 510 orage Scope complete. 9. | : i : 100 i 150 Y i : d 0.60 1
Tok. 475 200MHa Poctable P 3 o is | e 13 % 35 1380 330 3§ i 2% pad "
H.P. 140AMainframe ... 3 o 15 | Bow i @ o33 1280 0% 3 0% 120 i ne
H.P. 1400A, 1422, 1401 Plug-in, each 024 0.10 5, i X i 1] i i 140 200 060 25
H.P. 5246L/52535 500MHz Counter . i a3t sa | Bess o = it i ht 150 : 2% i 1% %
Singer Synchro Tost Syetem = i ndl | Ze i = gt i i Rt 2 i 2 8 £
2 ger Sy st Sy - 009 028 1000 |25 80 20 13550 100 0.80 500 120 070 1.40 2% 9.0
B X Y Ragordera.: s 2 e |2 ig 2 2 % i T i i | ek 2 i ]
ryans X-Y Recorders... i ; i 25 .80 .80 295 0.0 0.80 4 1450 i 185 450
Data Dynarmics Teletype... i i3 I 2 i i a2 | S e i3 i i g
Flann WG 16 90dB Rotary Atten. (New).. DIODES o0 | BYX3s1SR o.04 :E %E §§ §E§ | ﬁ% 1% o7 18 23
Optimation AC Calibrator System ......... “AATI9 008 b BVX3&600§' oo Z;g }ﬁ gig 120 ‘}'g o8 23:3 2% 060 o o0
Hitachi VT8300 Video Recorders. (New).. 017 e 038 o32 & 12 i | ¥ 1% 0% e 150 1% = LT
525/625 Line Monitor Servicing Gens. .... 0.18 Sy S e % 5 o B2 pise 2 200 130 250 120 050
iy 0AS0 005 0.02 016 100 350 350 135 250 | 116 0.85 4 5 140 0.90
Al prices exc. VAT. Carriage extra 013 onsl .08 010 | T2 On 2 048 400 072 280 175 085 100 600 a%e
G OA%5 008 092 | SPECIALTUBE 55 9.70 180 148 250 06 : .88
b o & S s B | 8 B Memm) e B '
TIMEBASE ioss 630 ] R [ 0 ] 150 30 & o * WE HAVE NOW MOVED TO
e : % - 100 53 800 100 LARGER PREMISES 4
94 ALFRISTON GARDENS WIREWOUND ZENER DIODES 50 065 200 o0 S0 1%
SHOLING, SOUTHAMPTON RESISTORS _ | ETC. BEioE 5 a3 i i ] % CALLERS WELCOME
S02 8FU PREFERRED VALUES BG  ods | 950 16V 18Y 20V 22V 2av 27V 30V 50 o6 e o b 9% { % ENTRANCE ON A227 BY THE “LITTLE BLUE HOUSE"”
TEL. 431323 (0703) awatt 4r2-1K8 o1 B7G Skinted 33V 36V 39V 47V 51V 56V 68V 75V 50 180 ;z 1:28 23 i 50 YDS SOUTH OF MEOPHAM GREEN
. il 10K 24 | mo  om | BZY880.07 e frd S5 Yoo % tee CAR PARKING AVAILABLE
‘ ' Twet R4k BoASkined . | 2V 3,3V3 3Ve avo 4va au7 By 5 a8 3% b S0 e B
BT Callers welcome e 12k ; 930 | 330 T3V 15V 18V 20V 24V 27V 30 90 3%‘; 2,00 3% 1% - * H0U:S£4hc'%ﬁ.}-‘FARh gmgggbslqgggn%&sgodz.m
. - - y : .00 0. 2.80 0.95 2,80
. . : ) 400 : S i , ACCESS AND BARCLAYCARD ORDERS WELCOM
Access, Barclaycard nwet R 0% 1:: DL o THERMIETUES BEVTI%IESHT £ 154 e 55 71% 2"!3 3 MANY OTHER ITEMS AVAILABLE &
in VA1040 023 el . .
Telephone your order Twet TRA0K . 16PInDIL o3 | VAI0SSS 023 | raiiyEiddes £ KT8 Gold |+ 0% V31060 28500 UK ORDERS P&P 50p PLEASE ADD V.A.T. AT 15%
15K-22K OCTAL 035 VA1104 0.70 other prices on .25 Li 12.50 0.75 . YL1020 29,
CANS 0.27 VABES0  0.45 request :g ;3 g_:: ;Hg(;g 1::3 . EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST
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L W B T C.P.ELECTRONICS ACTON) LTD
A : ‘ a
*IAPPLEDORE ELECTRONICS O N s DAL} 5 - Registered in Englond 1179820 o1 et % Jwadian
¢ WITH ORDER. GOVERNMENT AND EDUCATIONAL 26 270 ACTON LANE, LONDON W4 5DG. Teleph L0 MON.-SAT.
@1 (Proprietor: M. J. Nurse) " OFFICAL ORDERS ACCEFTED w 7& . - Veiephone:
e PR SHS PRADE AND EXPORT NQUIRY WELCOME P AND (il | @ Telex 291429 01-994 6275 CONTINUOUS
1= [ 4 MEETING STREET, APPLEDORE, NEAR BIDEFORD, NORTH DEVON EX39 1RJ P ADD 60p_ EXPORT ORDERS ADD £2 = &
2 TELEPHONE: BIDEFORD (S.T.D. Code 02372) 5629 - - su Es
? = STABILISED POWER SUPPLIES
A - Music Boxes -l AL .
w | SE-01 Sound Effects Kit -AY-3-8910 The DOOMSDAY Sonmeicis) 5' FRARNtELL A15: 210/240V 1P. Dual Op. 12-217%l4p$§0ra:;18at 1)(J0"‘.':‘H ; SPECIAL OFFERS
01 is a complete ki ins ' X emote se ; imi n. x130x38mm), wi
- o' bl T BAG s pogmatl G < Alarm & bisplays 2 o manua), 212 S
= sm‘dﬂtg :332:1";;‘..:".%.3:;.":” 0\} BEEP A, ;\‘" Car Horns %o || ' COUTANT OA2: Op. amp, psu, 120/240V IP. Dual Op. 12-15v at Headers Blue Mac 16-pin 50p; 24-pin 80p. Brand new and boxed.
o} || SN7ee7? Soun er#'pbls T sbzrr::& THE BEST NOISE-MAKER FOR BURGLAR ALARM 6 Y BULLET % =) 100mA. (138x80x45mm.} 212 ea. or 2 for £22. . cs'szﬁtl;egsw E'Sn'£11go og:gngor?eravzngogéxz)émn. dual-cone 8ohm high
B | s o o e e e Mene | COMPUTER SOUND CHIP. The | Four separate adjustable oscillators are mixed, NEW SUPER MUSIC w BRANDENBURG Photomuitiplier PSU. 19in. rack mounting. Pots. We have | Il mak Iti .
) g'?‘.'é:%,;:: ;’Ldncsi:}ﬁ%:ocm‘ﬁzﬁ amazing AV-38910 is a fantasti- | stepped and disabled at a rate that is adjustable. |~ MACHINEKITI =~ 6| Metered, curraRelit protectign. v mgt'fiéi'c'." . We have large stocks, all makes, multiturn pots, cer
T on “Adiustabls Puise. Generator, ‘Leval { o3 POW ot for IMEa, with The 10-watt output gives ear-splitting volume. The | gaamwzo To PLAY ANY SONG OR GROUP OF b 374 300V-1KV at 5mA 376 660V-1K6V at 10mA Bourns type 3299X 1K/50K : 30p each
Z Comparator e Oseeterforl any 8-bit” microprocessor. Con- | Kit comes with all electronics and drilled andplated || SONGS! instead f a nighumsre of mumerous 375 500V-1K5V at 6mA. All models £40. Bourns type 3386P SK/tHMPOL.......euw..reeeeeessessirsinssnnen 30p each
=1 PC Board features a prototype area to || tains 3 tone channels, noise gen- | PC board. Requires 12v DC at 1 amp. Also regs. 8 SUPER. MUSIC MACHINE mesa SPECIAL ‘k Speactrol %in. 220hm/100K : 30p each
allow for user added circuitry. Easily pro- | erator, 3 .channels of amplitude : MASK PROGRAMMEO COMPUTER CHIP, one PIONEER MAGNETICS POWER SUPPLIES ...5V 150 amp, output Also | stocks of ot 62 by Beck d AB
R G L g a ohm_speaker {not included). TOTALLY DEFIES } e f : . so large stocks of cermet presets type y Beckman an type
s, Stoarm Treins, or simost ar nfnite | comioy it envelops peried § INATTENTION. EPROWM the wa)Te sores. BASIC KT in: “input 115 vac. (Switchmode) Price £120 each. 2 81E . 30p each
number of other sounds. The unit has a . ’ i cludes drilled, plated and screened PC board GOULD POWER SUPPLY MG5-40A. Input 115-120V nominal 3 amps ! iscounts available on quantity ]
L ' s i h more. Afl L ] 4
o p 1y o s, | 40-pin DIP Super sasy to interface £10 COMPLETE KIT e T ke RMS max 45-440Hz. Output 5V 40 amps, Price £30 ach. . .
AL A T G R G GRS RS EEioN o s apoanel ROM i || jom Various other makes of power supplies in stock. Eﬂﬂ;ﬁ,’,‘,%?aa,}’c‘,‘,',"b'° of Plesba@oglaac isckpresets, s°’°w§£',}’§;c°,§
tery (not includsd). On board 100MW G EL any tune pogrammed willbs piayed. 1 : - . Cassette Decks: With stereo heads, mechanically complete, but with
* g'r":ﬁ;: l:r'\jf E':ri %i’é‘:sﬂ{c?ﬁz%'v‘?iﬂ?ﬂ!i ﬂ&?t ;o':‘ g?l-ﬁge i CLOCK KIT ZU LU " ;-Ex ?a':g kit contains 25 short tunes in the |.|z.| i no electronics. Brand new, smart black modern fi‘r:ish .p e
(%] i'r?:ll:vc;ad..)nc Sglible eRigliSesgierng 0 t 12v AC 12v DC * Wil'lnalﬂrsss extarnai ROM for up to 1,000 0 | D To A coNVERTERS o . £7.45 inc. VAT + P&P
O\ main chip SN76477 is included in kit. SOUND CHIP : opebra eg c)’a. ALvt'mect,)r sev MORE NOTES per ROM (ROM is not in- || €€ 1oMNz 8 BIT \BIU N(I’eters. 40x30x23mm deep. White/red scale on black backgrol.lsrbd.
| T s i S SN76477N SOU n board imeba cludad, : ] 2, e P oW ; . ' p
G e coritr W Sony e B et e S conln e P ey s | | SaEm e I pean
ata -hour fo -day raquiras v biss batery not .125% typ. Settling time: 2V step 70nS typ. : u - v :
X A single_chip varsatie SOUND| % Yein. readouts show hrs., mins., secs. i * o Seenrs o o paskrs (o - | television transmission standard. Diff. gain 0.5% diff. phase shift - UEELID0V.cadial block Bpegh
D T e aa s | RELEELIS dsaﬁy'ifig:fgr‘g‘f_ % Unique NOX'™ circuit activates readouts with a } | cuded. =~ . i@ 0.5°types rad 802 and MC2208/8. Unused. Ex-maker’s pack. 104F at 63v radial block 40: oach
c plications such as arcade or home handclap ¥ 'NEXT TUNE' provision sieps soquentaly || SPECIAL OFFER PRICE: £20 Mains Flters by Erie/Corcom from 3A to 15A, 250v AC rated....£3 each
,': video games, alarms, sound { % Readouts can be constantly on " }",{,‘,’;‘",':,;}‘,‘;‘,";; be wire jurmpar selctod f| S5 NEW IN STOCK :
o o, |  Spociainoisesuppressionandabarery | SRR |5 Aot L WouND (o By
2 RPULONE 2779 COMPLETE KIT £14.50 EACH » o vave sieicssco e |1 SECONDARY transformers at highly competitive prices. RRIRLIE: h o, SOLCCTRpUteh gRadaTBiSctrolvtice 3,007 SO0
i 450 d s or mutils doorbel spplications. | -12.0- " N Brand NeW and DOXEd .........coceoveeeeereeteteeeesestseesevscesstsiesssssssenns ea.
% S|.ISSSEACH“S Case optional extra * 3’3‘:{:%%:55%?:;"’:’é{s:')gﬂgc',?‘a':“:‘;:‘ﬁ 8 e g}g 8_}% ______________ 2.20 8_} g\\; 8}52;:/, """"" 38 SIEMENS: Procond Radial Polyester Film Capacitors. 10ugatp63v.
- ALL mnﬁsnl W SPEC. Plastic Case in :z.l;: with ruby lens o %E?igﬂ'ﬁ"??&'&%‘i pbemusic, x 12VA 8-?\556063\/5 AP 8%?/\/60650\/ Brand NeW.......coceirccsetneecaratanseersraesasssesiessnssssasssssssess e antntyav';zllyl :t:)lg
¢ } e O MPLETE KIT £21 -oV, - -6V, O-
‘ 0-9V, 0-9V 0-9V, 0-9v ol o
% SOLE UK BULLET AGENT ‘ % SOLE UKBULLET AGENT 8-}§¥ 8}%\‘{ frernenn2s99 8}§¥ 8-}52_):// ......... 4.75 ‘:*********f*********f************ *:
s FORTYRTUERDIIAL ' 0-20V, 0-20V 0-20V, 0-20V t  VID EO GAM E *
20VA 0-4V5, 06-$V5 120VA  0-30V, 0-30V : :
19" Rack Mounting Cabinet — Or Free Standing a l 8:g¥: 8:9\/ 0-40V, 0-40V ......... 8.90 : B O A R D :
£23.95 CASED AUTO TRANSFORMERS * : *
£19.50 243N Cableini R e (ot | ¥ FIELD GOAL VIDEOD GAME, BY TAITO. A top quality board X
AtING........0. 5 5w S50 rice NIMZS0NATR. N ... ..o evneeanne £23.50 & complete with 6800 CPU system with 2716 eproms with circuit »
_— 300VA... ..£13.00 | 1000VA.........o0eeerrirnsensns £27.00 . ¢ H :
BOOVA e £18.00 | 1500VA £36.00 ¥ diagram, plus all connections for either colour or black and *
OFFER It itarer ik 5. Banic s, e e ' ' ¥ white monitors (TV sets). Price £20 + VAT £3. P/P £2.55. *
ENDS you are intere ap \ i er Transformers 12VA * _ = *
SOON special Feature or advertisement published in 1.2VA. 6-0-6, 9-0-9, 12-0-1a2" H ?-81\/2/'\0-12 ........................... 2.96p : POWER SUPPLY KIT TO SUIT + circuit diagram. :
this issue of PR ) MERRMRERR e - P'ice £15 + VAT £2.25. P/P £3.45.
1.5VA CHIHS) oo B0 (TR 264p | ¥ *
F 1480x1 .R 425x250x140
T e S e e e gy WIRELESS WORLD 12V s £ 80p | 24VA so | & 2 x Z2WAY GOLDPLATED DOUBLE-SIDED 056" EDGE X
Mcluded + Haavy geuge chassis mounting plate s fr-driled and has four mounting positions to why hot take advantage of our reprint service. B |l o pe e P | 12:0-12.cnimsrisecserssescnarseens 3.36p | 3 CONNECTORS to suit videoboards. %
Croone o e Py be! 5 of brushad ai firioh with v * g 2.4VA U2 cecootroon R e 4.84p & Price £1.60 pair + VAT 24p. P/P included »*
Many sold to TANGERINE' users and INDUSTRY Reprints can be secured at reasonable cost to 12:0-12...crrimerisiinens 1.48p | 30VA X i Y , : *
- your own specifications providing an attractive L R e R 362p | % THE COMPLETE KIT £46 INCLUSIVE. Full details on application.
ADD VAT AT STD. RATE & ORDERS UNDER £5. P&P 50p ABOVE ITEMS £1 P&P and valuable addition to your promotional £.0-5 1.26 3603« o X *
Ask for our FREE Catalogue SLIDE material, (Mlnlmum T 250} T 56\;/\ ................................... P *_*4**"‘*;"‘¥~‘*4"‘~“"~‘"**"‘**""“""""""""‘"‘ »
1P§¥VITCHE§OP b Fo_r further details contact ' - XY/ oo PN oo oo PR 1.50 0-2-4-6-8—10 ...... 00000 6.00p
‘metal 2P2Tpcb  12p £ Michael Rogers, IPC Electrical-Electronic Press ALUMINIUM BOXES PLASTIC BOXES WE PU RCH A S E
i ’ 2P2T 12p Ltd. Phone 01-661 3036 or simply complete and AB 2.75x5.25x1.5in. £1.08 | T5X50K25MM bIACK OF Wit8....rroers v 65p
cabinets’ | Z.°0 20 Y AB8 4xdx] 5in £106 | 180x110x55mm biack .. 55
! S O return the form below. , ABS x2.75(1.5in £1.06. | B0X60XE0mmM black ... .92 .
b 2 lgg P:II: ggp <& pElyes et £123 | 215130 black or whis Surplus component stocks, redundant materials,
d . k3 X n, ac 0
c88 | W B\ T | | T Wmaniogers epimis Department M 27 | e e st gy forcasy
i 6P3Tpch  42p ° PRt p ABTA TG S £1.00 BLUE REXINE COVERED ' i ject. J 1E
4P4Tpch  45p Quadrant House, The Quadrant ABIS BxExdin £218 ALUMINIUM BOXES We also collect — distance no object. Just call:
Bridge WQODS 16p Sutton, SUI’I’eY SM25AS ﬁg:g }%Z’:::m Sg RB1 6x4.5x2.5in £215 .
3 N s . . : i £2 -
‘ —— | am interested in . ... ... copies of the article/ st an | e il C. T. Electronics (Acton) Ltd.
These are beautifully manufactured cabinets with an aluminium 8~ 11%((3)); gﬂmxﬁg{v)vr{lmmm advertisementheaded ... ... ... ... featured in | Rgg”gw.ﬁn i | e s
ase an gauge steel covers, They come fitted with rubber T x ek RekilLy
[ eispase o oy ot orvmtssop S rabes i) sl aorol) N SAlwinim WIRELESS WORLD IR 5. var. il VATINCLUSIE il 267 & 270 Acton Lane, London W4 5DG
B Condbl el T o0 Ll G T on page(s) . . . . in the issue dated ... uKg £120 X9 £300 6Ky £440 Telephone 01-747 1555; 01-994 6275
E M Ez |1)'|&|1)E§ 3 m:ggg - i'l; Please send me full details of your reprint service by | :‘,Zﬁg gﬁ Sﬁg be g-aeurm&c:m P S 29142:9
a » T 1Kg Ko £420 ote
e q _ 1N4001 — 3p 1N4004 — 5p return of post. |
TRADE Name! Y. BN W A, Ui B, e . By . . .

[CAv-A- Moat Lodge, Stock Chase POA v ) | This advertisement is mainly of our excess stockholding, We also have excellent stocks of semiconductors, hardware, cables,
RELAY-A-QUI|P MALDON: Essex, UK e Companyrl B Rl R R I etc., etc. For further details send for our lists and retail price catalogue, pho/r?e or visit our shop. All prices are exclusive of VAT
PRODUCTS Tel: 0621 57242 10am-8pm Mon.-Sat. ”g‘g" Address_ T:9 5 . g e g - B R {and P&P). Mlmmym Mail Order £5 + P&P + VAT. Government departments, schools, colleges, trade and export welcome.
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=N NEIURN UF FUST MAIL URDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE
BSR DE LUXE AUTOCHANGER £20 | [fZ0E. +| WINLMULTFTESTER NEW | NEWY Star sound

Plays 12, 10" or 7" records, i Da luxa pockat size precision moving =
Auto or Manual. A "igH coil instrument. Impedance + Capacity |  high power full range

quality unit backed by B — 4000 o.p.v. Battery included., i

reliability. Stereo Ceramic I} 11 instant ranges measure: q?:élzé?jutgsﬁsgkers

Cartridge. AC 200/250V. Size § DC volts 5.25, 250, 500, 12 ? g

13% x11%in. 3 speeds. # AC voits 10, 50, 500, 1000, exceptional

Above motor board 3%in. i'DC amps 0-250pa, 0-250mA., reproduction. Ideal for

Below motor board 214in. § Continuity and resistance Hi-Fi, music P.A, or

Postf2  CutBoard £1 extra | 0 to 600K ohms discotheques. These
e ==L IBs Luxe Range Doubier Model, " loudspeakers are

HEAVY METAL P LINTHS rost 2 £6.50 post 65p [50.000 0.p.v. £18.50. 7x 5% 2in. Post £1 recommended where

Cut out for most BSR or Garrard decks,
Silvar grey finish, black trim. Size 16x13%in. £4
DECCA TEAK VENEERED PLINTH. Post £1.50

DISPLAYED APPOINTMENTS VACANT: £13.50 per single col. centimetre (min. 3cm).

Advertisements LINE advertisements (run on): £2,50 per line, minimum § lines. (Prepayable.)

NEW PANEL METERS £4.50 | |agofoucfandingis

A TEAK VEN | f——————\| results. The high flux .. accepted up to 12 noon ] ; . ; '
f:lg]e'r;(::‘ ‘f;lrilfliser:.vglct,l; fé’?scguat?grpg.gﬁa f.or £5 ??#: 15?7(])28632]0;81 o & T ceramic magnet ensures clear response. M ong ay J'zll 5th, for BOX NUMBERS: £1.50 extra. (Replies should be addressed to the Box ‘Number in the
18%4in.x 14%in x4in. Black/chrome facia trim. Also with 500ma, 1 amp, 2 amp | N el Ii| wooeL INCHES OWMS WATTS TYPE  PRICE POST A st 1 \ o advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.) j
boards cut out for Garrard £3. Plastlc cover £6 . b e ! MAJOR 12 815 2 H-H £ £ ugust issue, SUblect to PHONE: IAN FAUX 01-661 3033 (DIRECT LINE)

TINTED PLASTIC COVERS Post £2 3:5/"%"'151’?_""-“' VU Meter. o2 DELE M 72 1 5 fE Moo space being available. ; 5
1778x13%x3%in. €6 18Yax12Vex3in. £6 4x2x1Yain. Post 65p 2 2 16 i iness
Tskkhn £ e , » _ : AuprTomum 12 v & WA o2 2 X Chegques and Postal Orders payable 10 IPC Business Press Ltd.
Ptk 8 Wb, 8 | |RcesoUNDTOLGHTCONTMROLT | Manaw & 1R & i 2 = ‘ =—e——
17x1278x3V%in. £6 17Vax 13% x4 in. £6 Kit of parts to build a 3 channel sound to |i ht . GROUP 75 12 4816 75 PA  f18 £
e I. X Y ] unit, 1,000 watts per channel. Suitabla for ome,£1 GROUP 100 12 8-16 100 Guitar f£24 £2

oy azl;rs Only (Elsot su;:bl:a:gz P‘;IS;) - or disco. Easy to build. Full instructions supplied.post 95, | DISCO 100 :2 8-16 100 Disco £24 £2

212x14Vax 2Vzin. 1378x4%in. Cabinet £4.50 extra. Operates from 200MV to 100W, GROUP 100 5 816 100 Guiter £2 £
! gl g : 3 u

23%x 14 x3%in. £6 30§’fx13/tx?'£/4|n. £6 %QO Watt Rear Reflecting White Light Bulbs, Idea] for ‘DISDDlw 15 816 100 Disco f£2 2
BSR SINGLE . . isco Lights, Edison Screw. 6 for £4, or 12 for £7.50.

Post 65p. Suitable Panel mounting holders 85p.

ALWAYS AHEAD WITH

PLAYER DECKS i i EA
QUALITY DECK . This kit is suitable for record players, guitars, tape

playback, electronic instruments or small PA systems.

Manual or automatic play.

THE BEST!

iai i F £24 Two versions available: Mono, £14; Stereo, £20. Speci-
‘ 2[,’“;?,,5?5‘;“,'}0’; s,;"a“,‘gg’i;"b,ice Post £2 fication 10W per channel; size 912 3x 2in, SAE details.
With stereo ceramic cartridge 3 Full instructions supplied. 240V AC mains. Post £1. £5 000_£ 1 5 000
Bsh P204 SINGLE PLAYERS SPECIAL OFFERS RCS STEREO PRE-AMP KIT. All parts to build this [ v Y
! Two speed 33/45 r.p.m. hi-fi decks with stereo pre-amp. Inputs for high, medium or low imp £ COMMU NICATIONS: VHF — UHF — MICROWAVE — TROPO -
cartridges, cueing device and snake arm. per channel, with volume control and PC Board 2.95|
Ceramic — 240V AC £15 or 9V DC £19 Can be ganged to make muiti-way stereo mixers Post 65p SATCOM

COMPUTERS: MINI - MICRO — ATE - PROCESS CONTROL —

Magnetic — 240V AC£20 or 12VDC£24  Postf2ea | ' BAKER 150 WATT MIXER/POWER
I TRANSFORMERS 26508 | AMPLIFIER £89 roste;

250-0-250V 70mA, 6.5V, : N H d re & Softwa re

SARRARD &-200SINGLE PLAVERDECK £22 postez | | 533250V 70ma 657,20 83V 1A £5.00 £ SIMULATION: Hardwa

Brushed Aluminium Arm with stereo ceramic cartridge 3500350V 250mA, 6.3V BA b0 £12.00 £2 SLAVE VERSION £75 DATACOMMS: MODEM - MUX - TELEGRAPHY - MESSAGE

and Diamond Stylus, 3-speeds. Manual and Auto ggw;%’:x‘ggw%zxs-w 2ACT,;5V2A £12.00 £2 For Organs, Discotheque, Vocal, Public Address, Three loud- H — PACKET SWITCH

Stop/Start. Large Metal Turntable. Cueing Device. (2 £2.50 £1 speaker outlets for 4, 8 or 16 chms. Four high gain inputs, each 20 SWITCH —

Ready cut mounting board £1 extra, - STEP UP 115V to 240V 150W £9, 250W £10, 400W £11. 500W £92. £2 iy 50K ohm, Indi;r‘idual volgme controls “Four channel” mixing. Where does your skill and interest lie — .

! GARRA| b .50. i i : = : atts into 8 ohms R.M.S. Music P - Distortion less th: - =
‘ Snake :rlr)n?%f:eggo ¥‘n§ﬁ7p5|§y3f ’,? :e:;'; Corlidge GENERAL PURPOSE LOW VOLTAGE i 1%. Slave outout 500 My, 25K ohm. Fr%v;:;nc;snes':’n'ns:szs b Design? Test? Service? Software? Consultancy? or perhaps Research?
’ = 2D 34 26 85013 15 15,25 an 30y TR | | g2t 1o B2 preamp saparato Bass & B * Our clients are drawn from all sectors of industry
d ¥ " i = . Ight — 14ib: Master volume eos - o . ]
BATTERY ELIMINATOR MAINS 109 VOLT D.C. Zomb. .5, 10. 13, 18, 15 20. 24, 0. ] £1080 &5 | | -contol, Made in England. 17 montes ~oaris Master ¥O AL * There are opportunities for Managers, Project Managers, Engineers and Technicians,
Stabilised output, 9 volt 400 m.a. U.K. made in plastic 3amp. 6.8, 10,12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £12.50 £2 mains or 120V to order. All transistor and solid state devicos, * Most UK location and some Overseas -
G i ransormar anitar ot Soicns | | FFESS AR AR R ES  HEE| | e ol 7 s o P -
X . Tran ecti . Sui % -16V. 2amp.  £2.50 80p 15-0-15V. 2amps £3.75 £1 Naw Stereo Slave Model 150 + 150 watt £125. Post £4. * Mak ur first call count — Contact MIKE GERNAT on 076 384 676/7 (usuall until8p.m.
Radios, Cassettes, models, £4.50. Post 65p. ) gvd;/‘ilf;qﬂp-amp. gg g ;gyzqu — ggg g BAKER'S NEW PA150 MICROPHONE PA AMPLIFIER £129. PP &3 , ake yo! y fop
DE LUXE SWITCHED MODEL STABILISED. £7.50. Fox SV z50ma. £130 809 2040607 1amp 00 &2 ‘mi:::‘zl"r;?lu?nien‘;l,’:sﬁ:ubaa'simgﬁeda:::, S0KC800 ohm 4 chamel ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
« 3-6-714-9 b i : 3amp - amps : e )} , Dass. sence . volui 4 H .

S.‘ug3a?.} lgad. Y:ﬁ':,t ﬁg‘,’,{"?ﬂa‘?ﬁs ?veifchyg;,‘f:,rist:'sx}‘éﬁt %%?Ybeog‘,n:mm gzg gp g://} e ] mee ggg g control, echo/send/retum socket. Slave input/output sockets. 148-150 Hiah SF" BarkWaY Royston, ngts SG8 8EG. _ . {1471)

DRILL SPEED CONTROLLERALIGHT DIMMER KIT. £ build kit. ]0:30-40v.2amps  £350 £1 30V 5 amp and ‘ 4 = ¥

Cantrols up to 480 watts AC mains, £3. Post 65p, Sevpsibeiidkit ;‘:x;gg"““aa g:g ggg 351‘/7-08-'1“7‘72: ggg g BAKER £69 Postf2d ... ... T S 2

Standord bor QoeL READV-BUILT 800 watts. Front plate fits 12V3 amps £350 £1 TOROIDAL30-0-30V 4a and 50 WATT @ Ie s e e 11

2 » < s | 12-0-12V.2 amps £3.50 £1  20-0-20v Y2a £10.00 £2 AMPLIFIER 9?‘ < j@ gl P 0 0
Iis CHARGER TRANS Post RECTIFIERS o . o el
EM' I3l/zxain. LUUDSPEAKEHS 7 1 6-12 vait 3a uoo+°cz 6-12volt 2a E1.10+8%p Ideal for PA systems, Discos and Groups. Two inputs,
Model 450, 10 watss RM.S. with ; 612volt4a ___ £850+£2 812voltda £2.00+80p | | Mixer, Volume, Controls, Master Bass, Treble Gain. - y R
moving coil tweeter and two-way OPUS COMPACT RCS offers MOBILE PA AMPLIFIERS. Outputs £-8-16 ohms
ot Sen S | SPEAKERS £33 nai B R A A o DISTRICT WORKS DEPARTMENT VACANCY FOR TELEVISION ENGINEE
SUITABLE BOOK ST caso TEAKVENEERED CABINET 2 Mic T Mic 2 Phanc s Yot Tots 0K 100y Ling 75 P £2 '
190. L ic 1; Mic 2; Phono; aux_ o uts 4 or 8 or 16 and 100y line i i H iti

Size 18x11x6in. Post £1.50. 11x8%x7in, 15 watts 0-watt RMS, Mobile 24 vok DG 8 20LvoR AC meins w50k y MEDICAL EN GINEERING SECTION We have a vacancy for a .Te'e‘”é'rf”? 5"?'"3% '"ttge ?T']"tfh
RELAYS. 6V DC 95p. 12V DC £1.25. 18Y £1.25. 50 t0 14,000 cps. 4 ohm or 8 ohm 3mics + 1 music. Outputs 4-8-16 ohm -+ 100 volts fine £95 PP £2 < Forces Broadcasting Service at Rheindalen, West Germa y.

.The selected candidate must have experience of 1in. and 2in.
VTRs, TV Studio equipment and, preferably, ENG equipment.
Applicants qualified to degree or H.N.C. or equivalent stan-
dard preferred and a key requirement is a sound up-to-date

TOANKALUMINIUM CHASSIS. 6x4—£1.45; 8x6-£1.80: | OPUS TWO 15x 101750
10X7-€2.30; * '12xB-£2.60;  14x3-£3;  16x6—E3 90 z.waysysgm 531909/55):_7,:/2,";;%3_""3“

. FAMOUS LOUDSPEAKERS
16x10—£3.20. Ali 2%in. deep. 18 SWQ.

. . —J - o .

ANGLE ALL 6x%3x%in. 18 swg. 30p. LOW VOLTAGE ELECTROLYTICS 10p MASKEP Ec'ﬁ}nipl RlcsElst WATTS OHMS PRICE POST
ALUMINIUM PANELS, lﬂswg. 6x4-45p; Bx6-75p; 1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100 SEAS TWEETER  4in 50 8 £9.50
b V10 2X5-T5P i, 250 mf. All 15 volts. 23 mi/ov/10v: 25 milon/ v g GOODMANS TWEETER  31in 20 /

TECHNICIANS

= . - - n « . . - -« H

J6xa-t1m0: 14X5 £1.48; 12x112—£1.50; 16x10—£1.75, Do To0 g0 mi/6v: 68 mf/6v/10v/16v/ SO i Jl B0 Technicians are required for this expanding department knowledge of electronics. i

PLASTIC AND ALI BOXES iN STOCK. MANY SiZES 25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v: 220 ol i - 11 18 e . S to be responsible for the maintenance of medical equipment Good salary paid and an overseas allowance. Single or mar-
| R ULIRWSUENIg aenil Beie i o B M 5 2 1 B2 8 located throughou the West Birmingham Heaith Authorty. ried accommadation available. Air passage paid. Good pen-

BRIDGE RECSih S0 ares L with lids, B/ 10¢/16v: 2200 mi/6v/10v; 3300 mi/6v; 4700 mf/dv. 200oMANS a s 108 vl o The successful applicants should have sound knowledge sion scheme. Career prospects.

TOGGLE SWITCHES o 30p. DPST abp. OPOTR0E" T000mE 19 200 ook bs 50V, Sbp; 1000 705, °oP" S000MANS WOOFER o e and experience of maintenance of the following equipment: ly in writing, giving details of previous experience,

RESISTORS. 1002 to 10M. aW, %W, 1W, 2p: 2W 10p. 2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V 80p. RIGONDA ~ GENERAL 10in 15 8§ oo o Therapeutic and Diagnostic Physiological measurement, Please apply "77.".‘” ’t"jsg' g! sgSOU e amf Vision Corporation,

HIGH STABILITY. Yow 2% 10 ohms to 1 meg. 10p. 2200mF 63V 90p. 2500mF 50V 70p; 3000mF 50V 65p; AUDAX ' WOOFER  10in 50 §  fjeo0 = Laboratory and other specialist equipment to Mrs Diane Trigg, Service

Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p. 4500mF 64V £2. 4700mF 63V £1.20. 2700m F/76V £1, GODDMANS HPG 2in 120 815 £2950 £ Y P quip ¢ Chalfont Grove, Gerrards Cross, Bucks, SL98TN.

WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p. HIGH VOLTAGE ELECTROLYTICS GOODMANS GR12 12in 90 815 £2150 £2 Salary dependent on qualifications and previous (1664)

PICK-UP CARTRIDGES SONOTONE STA £2.50. STAHC £3.80. 3/at0y BpoioasIv  75p 32432416/350v 90p  SOUUMANS it 12in 120 818 framy o : -

BSR Stereo Ceramic SC7 Medium Output £2, SC12 £3, 8/450V  45p 8+B/500V £1 100+100/275V  g5p : experience. -

W 3 ic. 3 16 \Y; 8+16/450V 75p 150+200/27 SPEAKER COVERING IM‘I'EHIMS. Samples Large S.A.E.
PHILIPS PLUG-IN HEAD. Sterea Cer.amu: AU1020 (G306 /350 45p P /275V ;(slp BA.F. LOUDSPEAKER CABINET Wi ADDING 18in wide 36p ft

SCALES (increase pending):

GP310- GP233 -AG3306 - AG3310) £2 32/500V  75p 32+32/350V  50p 220/450v p :
LOCKTITE SEALING KIT DECCA 118, Complete £1, 32/350v. 50p 32+32/500V  £1.80 32+32+32/325V 75p  CASSETTE MONO REPLAY. Complete working £12.50 J Technici . .
ANTEX SOLDERING IRON 240V 15W 3mm b1t g5 25, S0/a50v  95p 50+50/300V 50p 50+50+50/350v 95  CASSETTEMECHANISM, 12V Storas born un. Technician (Age 23) - £3,441-£4 236 :
JACK PLUGS Mono Plastic 28p; Metal 30p, CAPACITORS WIRE END High Voltage CROSSOVERS. TWO-WAY 3000 /s 3 or 8 or 15 ohm £1.90. 3way Technician G de il £8 N Ic E N G I N E E R
JACKPLUGS Stereo Plastic 30p; Metal 35p. -001,.002, .003, .005, .01, .02, .03, .05 mfd 400V 5p, 950 cps/3000 cps. 20 watt rating, £2.20..3 way 60 watt £6. . echnician Grade S = f6,568- ,31 6
JACK SOCKETS Mono Open 20p; Closed 25p. -JMF 200V 5p. 400V 10p. 60V 15p. 1000V 25p, LOUDSPEAKER BARGAINS ’ Technician Grad ] 6-£7.155
JACK SOCKETS Stereo Open 25p; Closed 30p. -22MF 350V 12p. 600V 20p. 1000V 30p. 1750V 50p. 3ahm, Sin, 7xdin, £2.50; §)4in, 8in, £3; in, £3.50, 10in, 5. echnician Grade Il — £5,536-£1, T ideo C ny to work a
FREE SOCKETS — Cable end 30p. Metal 45p. 37MP 1500V 10p. 400V 20p, 630V 30p. 1000V 60p. 8 ahum, 2¥4in, 3in, £2; 5in, £2.50; 6'in, £3; 8in, £4.50; 12in, £5. Technician Grad v £6.137 Required by leading AV and Video Company <
25mm and 3.5mm JACK SOCKETS 20p. Plugs 20p. VALVE OUTPUT Transformars (small} 90p. 15 ohm, 3V%in, 5 3in, 6 4in, £2.50, 4 echnician Grade — £4,668-£6, : : f uding receiver/
f video equipment, inc 9
DIN TYPE CONNECTORS TRIMMERS 30pF, 50pF, 10p. 100pF, 150pg, 500pF 30p. 25 ohm, 3in, £2; 5x 3in, 7x4in, £2.50. 120 ohm, 3V4in dia, £1. Application forms and job descripti from District Enai Dud wide range of v ! g d tc -
Sockets 3-pin, 5-pin 10p. Free Sockets 3-pin, 5-pin 25p. MICROSWITCH SINGLE POLE CHANGEOVER 40p, e e —= pp 1 10} descriptions from District Engineer, Dudley monitors, cameras and video recorders, etc. .,
Piugs 3-pin 20p; 5-pin 25p: Speaker plugs 20p; Sockets 15p.  SUB-MIN MICROSWITCH, 50p, Single pole changeover. "MOTOROLA PIEZ0 ELECTRIC HORN TWEETER, S6in, square - £5 Road Hospital, P.0. Box 293, Dudie: Road, Birmingham B18 7QH. For Pt hould have City and Guilds full certificate
PHONO PLUGS and SOCKETS ea. 16p. TWIN GANG, 120pF 50p. 500 plus 200pF £7, _ 100 watts. No crossovar required. 4-6-16 ohm, 73%xalfin. ~ £10.50 further information telephone M. D. L. Hall, District Enginser ~ 021- Candidates sho v ith colour TV and video
Free Socket for cable end 205. Screened Phono Plugs 25p. GEARED TWIN GANGS 25pF 95p. THE “INSTANT" BULK TAPE ERASER £9.50 Post 95p 554 3801 Ext, 4838 v and experience wo rki ng with .colou g
300 ohm TWIN RIBBON FEEDER 10p yd. GEARED 365+ 365+25+25pF £1. Suitable for cassettes and all sizes of tape reals. T ) E A nt
ggl& Sl?l?(’;(g\alb CACB(%‘E‘ gg&n Eogv LOSS, 25p yd. TRANSISTOR TWIN GANG. Japanese Replacement £1 ACd .Inaaé.T1 zoo/zaov. Hand held size with switch . ) equipment.
b KETS 20p. OLID DIELECTRIC 100pf £1.50, 500pf £1.50. and lead (120 volt to order), . .
NEON PANEL INDICATORS 250V 30p. 5 s et et Will also demagnetise small tools. For further details please contact:
. Sie T oot T 40y, as0w apprey, | el Donepooa sy, - SIGHT AND SOUND LTD
f . - g approx. RCS LOW 5- > ’
Suitable for Heatin, Pads, Food Warmers, Convector R.C.S.LOW VOLTAGE STABILISE WEST BlRMlNGHAM o

POTENT'OMETERS carbon Track Heaters, Pro agatiogn, etc. Must be clamped between POWER PACK KITS £3.95. Post 85p. A sAM“ELsu" .SIGHT A"D sug -

5k(2 to 2MQ. LOG or LIN. L/S 50p. DP 90p. Stereo L/S two sheets of metal or ceramic, etc. Al parts and instructions with Zener diode printed circuit, Heqlfh A thr v 303-315 Cricklewood Broadw Y

£1.10. DP £1.30. Edge Pot 5K. SP 45p, ONLY 60p EACH (FOUR FOR £2) ALL POST PAID, mains transformer 240V a.c. Output 6.or 7% or S or 12V d.c. U | Edgware Road

: up to 100mA or less. Please state voltage raquired. . L ngI'I NW2 6PQ
RADIO COMPONENT SPECIALISTS &7 #itesonss roan srovoo 2
Open 9-6. Closed all day Wed. Open Sat. 9-5. =

Radio Books and Comp Lists 31p stamps. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Tel: 01-684 16865 for SAME DAY DESPATCH. Cash prices include VAT. i3
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Space and

Marconi Communication Systems has
an intemational reputation for the
design, development and manufacture
of high technology communications
equipment and systems.

Right now we need adventurous
17 : Engineers, keen to use their
engineering and technical skills to the -
full, to join our installation teams
operating throughout the world. We
can offer challenging and exciting
opportunities in both the U.K. and
- overseas. Some appointments will be
on a fixed term contract.

We are seeking men or women with
an electronics qualification or HM

Communication Systems

INSTALLATION ENGINEERS

* background of installingand commis-

Microwave

Forces experience who have a
minimum of three years’ practical ;

sioning satellite earth stations, line

of sight or tropospheric scatter systems.
A current U.K. driving licence is also
required.

Excellent salaries, and overseas bene-
fits where applicable, are offered with
these posts. ’

If you are interested send a full ¢/v or
telephone for an application form to
Gordon Short, Marconi Communi-
cation SystemsLimited, New Street,
Chelmsford, Essex, CM1 1PL. Tele-
phone Chelmsford (0245) 353221,
extension 592. (1672)

.
1 LB A
TR V(

/)

msw
L3

Teleco Oilfield Services, as a recognised world leader involved in

the reseach, manufacture and operation of the oil industry’s first

commercial wireless directional-drilling telemetry service, offers
career opportunities to experienced and technically qualified

ELECTRONICS
TECHNICIANS

The incumbents will be based onshore and will be working within
our Aberdeen facility.

tdeally, the successful candidates will possess practical experience
of digital and analogue systems as well as having formal qualifica-
tions such as O.N.C. or equivalent C. and G. quaiifications in
Electronic Engineering.

Attractive salaries for the above positions are enhanced by a com-
prehensive benefit package including contributory pension scheme,
AVC scheme, free life assurance, good working conditions and the
excellent prospects offered by an international service company
with expanding interests worldwide.

Applicants should send a c.v. stating salary required in confidence
to:

The Personnel and Administration Manager
TELECO OILFIELD SERVICES LIMITED
_ Hareness Circle, Altens Industrial Estate, Aberdeen

Agency enquiries are not requested

TELECO

il ENN

(1660)

CAPITAL HOUSE

APPOINTMENTS LTD. TEL: 01-637 5551 _
THE UK’s No. 1 ELECTRONICS AGENCY

" Design, Development and Test to £14,000
Ask for Brian Cornwell

SALES to £15,000 plus car
Ask for Maurice Wayne

FIELD SERVICE to £12,000 plus cat
Ask for Paul Wallis

We have vacancies in ALL AREAS of the U.K.
Ask for a Free Jobs List

Telephone: 01-637 5551 (3 lines)

' '29-30 WINDMILL
STREET
LONDON W1P 1HG

Enthusiastic

~ AUDIO SYSTEMS
ENGINEER

required by international consultancy practice specialising in installa-
tions in theatre, television and conference buildings. Candidates
should have a background in the electrical and electronics business,
an understanding of technical drawings and an interest in the
performing arts. Selected person will work with small team in Covent
Garden area and will be trained to use computer-aided design
system.

Salary will depend on experience and contribution made to this

RED ROSE RADIO

The new ILR station for Lancashire due on the air in the autumn
requires the following staff:

SENIORENGINEER (ILR1)
ENGINEER (ILR2)

Applicants for both positions should have considerable broadcasting
experience, technically and operationally. A clean driving licence is
preferred. ’
For the senior position, an HND or equivalent qualification in
Electronics is essential, and a knowledge of digital techniques would
be an advantage.
Applications including C.V. with full career details should be sent to:
David Cockram, Chief Engineer
Red Rose Radio PLC
49a Fishergate, Preston PR18BH

ting ref . 5
quoting reference WW. (1675)

leading practice of theatre consultants.
Apply with c.v. to:

John Pilcher

Theatre Projects Consultants Ltd.

14 Langiey Street, London WC2H 9JG
Telephone: 01-836 0386 1ees)

= — - =

. 1/8 Banbury Avenue, Slough
armex vioso Lto Berkshire SL14LR, England

Are you a trave! hassle hater and a competent video engineer? We have broadcast TV

facilities and need an additional ENGINEER. Excellent salary with even more money

for the right experience. 4 ‘

Please send CV or telephone for more information on SLOUGH 25142 and speak to

Barry Blight or lan Browning. ( )
1679

/ \\/ APEX VIDEO LTD,
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Appointments|

CONCESSION
TO RECESSION!

In communications, the industry of the
21st Century, the BBC is forging ahead
with its programme of expansion. This
ear we are seeking 150 young, enthusiastic
ngineers both in London and throughout
the United Kingdom to work in the
' expanding field of Television.
The ability to handle new technology
long before it appears in other industries,
a thorough understanding of traditional
electronics and the motivation to have
found out about Broadcasting technology,
together with the right personality are just
some of the qualities we are seeking.
Many have
already accepted
the challenge and
jomedus,butthere
are vacancies in
the Television
Service, London
for those men
and women
with the right
qualities.If you
are qualified,
or soon to be
qualified, with a Degree in Electrical and
Electronic Engineering, Applied Physics
or equivalent and have both normal
hearing and colour vision why not fill in
the coupon for further details,quoting
reference number 82.E.4029/WW.
Starting salary in the Television
Service, London is in the range £7314 to
A7892 plus shift working allowance of
between £800 and £1000pa.

We are an equal opportunities
employer

TELEVISION ENGINEERS

// To: The N
¥,/ Engineering
/ Recruitment \

| | BBC Broadcasting \
. | House, London
WI1A 1AA Reference |
| [ No.82.E.4029/WW, \

| Name: |
| Address:

I i
E—

| Tel.No: |
alification/Date

\ obtained: I

{

\ELE[C]

% Ve

{1616)
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Engineers &
Scientists

£8589

Communications R&D...
...theleading edge

interest: —

ACOUSTICS .
MAGNETICS

also apply.

prospects.

£25,000?

1. PROJECT LEADER

VHF/UHF equipment. Some microwave
involvement. £14,000 — Herts.

2. SENIOR DESIGN ENGINEER

Working on transmission systems or for
digital beam forming equipment. To
£11,000 — Essex.

For power amplifier design on satellite
‘communications equipment. To £10,000
— Hants.

4. DEVELOPMENT MANAGER

Lead team of 4 on RF surveillance equip-
ment development. To £16,000 — Berks.

5. ANALOGUE DESIGNER
VHBF/UkHF commercial equipment. £9,000
— Bucks.

6. DEVELOPMENT ENGINEER
Command and contro! systems for MOD
vehicles. To £10,000 — Surrey.
*100s of other electronics and computer
‘vacancies, To £25,000.
Phone or write: Roger Howard
CEng, M.LE.,,RE., M.LE.E.

CLIVEDEN CONSULTANTS
87 St. Leonard’s Road
Windsor, Berks.
Windsor (07535} 57818/58022 '
24-hour service (1640)

DIGITAL EXPERIENCE?
FIELD SUPPORT
R&D AND SALES
VACANCIES IN COMPUTERS
NC, COMMS., MEDICAL
VIDEO, ETC.
For free registration ring
53 883264

. 01-290 0267
ELECTRONICS RECRUITMENT SERVICE
LOGEX HOUSE, BURLEIGH, STROUD -

GLOUCESTERSHIRE GL5 2PW
TEL. 0453 883264, 01-290 0267

(321}

106

At HM Government Communications Centre,
we’re applying the very latest ideas on electronics and
other technologies to the problems of sophisticated
communications systems, designed to enable and protect
the flow of essential information.

The work is of the highest technical challenge,
offering full and worthwhile careers to men and women of
high ability, on projects covering the following areas of

RADIO - from HF to microwave, including
advanced modulation systems, propagation
studies, applications of Microcircuitry.

SIGNAL ANALYSIS

SYSTEMS ENGINEERING

- Applicants, under 30 years of age, should have a
good honours degree or equivalent qualification in a
relevant subject, but candidates about to graduate may

Appointments are as Higher Scientific Officer
(£6,530-£8,589) or Scientific Officer (£5,176-£6,964)
according to qualifications and experience. Promotion

For an application form, please write to the
Recruitment Officer (Dept. WW7), HM Government
Communications Centre, Hanslope Park,
Milton Keynes, MK19 7BH.

Telecommunicaﬁons

fficers
Up to £9270

The posts availabie are varied, but broadly they fall into 2
groups at b different locations.

Hanslope Park {Milton Keynes), North Bucks and Central
London

Work associated with HF communications equipment,
VHF, UHF and microwave links and associated test
equipment; teleprinters, telephone subscribers’ apparatus,
PMBXs, PAXs, PABXs and ancillary equipment including that
using analogue and digital techniques and voice frequency
telegraph.

Crowborough, Sussex and Orfordness, Suffolk

The maintenance and operation of high power, medium
and short wave broadcasting transmitters and associated
equipments. }

Candidates must have had appropriate training. They
should normally have 4 years' relevant experience, and hold
either ONC in Engineering (with pass in Electrical
Engineering ‘A’) or ONC in Applied Physics or TEC/SCOTEC
certificate or City & Guilds Telecommunications Technicians

Certificate Part 1l (Course No. 271), or Part | plus 3 ‘B’ subjects A

or a pass in the Council of Engineering Institutions Part |
examination or an equivalent or higher relevant
qualification. Ex-Service personnel who have had suitable
training and at least 3 years’ appropriate service (as Staff
Sergeant or equivalent) will also be considered.

Salary: £5980-£8180; London £1087 more. Starting salary
may be above minimum for those with additional relevant
experience. Promotion prospects.

Relocation assistance may be available.

For further information and an application form (to be
returned by 8 July, 1982}, write to Civil Service Commission,
Alencon Link, Basingstoke, Hants RG21 1JB, or telephone
Basingstoke (0256) 68551 (answering service operates
outside office hours). Please quote ref: T/5782.

Foreign and Commonwealth (Iﬂicq X

e L A ——

APPOINTMENTS
IN
ELECTRONICS

to £15,000

MICROPROCESSORS
COMPUTERS — MEDICAL
DATA COMMS — RADIO

Design, test, field and support en-

gineers — for immediate action

on salary and career advance-
ment, please contact

“lechnomari

Engineering and Technicui Recruitment
11, Westbourne Grove
LondonW2.01-229 9239 (9257)

—

UNIVERSITY OF LONDON
INSTITUTE OF NEUROLOGY

DEPARTMENT OF
NEUROLOGICAL SURGERY

UNIVERSITY
TECHNIGIAN GRADE 3

is required to join an established
research group working on
laboratory projects with a strong
neurological orientation. The post
calls for someone with an aptitude
for electronics and instrumenta-
tion and an interest in physiology.
Initial salary will be in the range
£4,672-£5,473 plus £1,087 London
Allowance. Applications in writing,
with namas of two referees, to the-
Secretary, Institute of Neurologxj
Qggen Square, London WC1
3BG.

(1668)
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CHANNEL FOUme be trdnsmiﬂing

nationally from November 1982 and applications are invited for
the following posts:

TECHNICAL SUPERVISOR
£16,267 p.a.

SENIOR ENGINEERS
12,495 p.a.

SUBSTANTIVE ENGINEERS
£8,284—-£11,167 p.q.

VIDEOTAPE EDITOR
£15,612 p.a.

Applicants should have had some
previous experience of television
operation and a formal qualification
such as an HNC or degree would be
an advantage.

Please write enclosinga CV. to
Ellis Griffiths, Channel Four
Television Company Lid.,

60 Charlofte St., London WP 2AX,
or telephone 01-631 4444 for an
application form.

Channel Four Is an equal opportunity employer: applications are welcome . -

from candidates regardiess of marital status, race, nationallty, ethnic or
k national origins or sex and from registered disabled persons.

CHANNEL FOUR TELEVISION )

[Appointments)
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As the old song says ‘A good man nowadays is hard to find'.

1) Design Development Engineers for a thermal imaging system that will hopefully
develop into a family of systems, Analog engineers for power supplies, processing
low-noise signals for display. Digital Engineer for control of same. Essex, to £11,000.

2) Programmer capable of writing innovative software for microprocessor based data

recorders and display products using the new Motorola range of microprocessors.

Must be experienced graduate who can write programs that work, Sussex, up to

£15,000 for tha man who's worth it!

Customer Liaison Engineer who besides providing technical and applications

support for an extensive range of printers can organise and provide technical

training for customers and engineers. Must have strong technical and hands-on
background, if possible with experience of printers and be qualified at HNL or
equivalent level. Berks, up to £10,000 with car provided.

Software Engineer capable of writing good software and also de-bugging existing

programs, trouble-shooting clients’ software as required. Most is on PDP11/LS1, 11

or 8080/8086. Main operating system is RSX-11M, but macro-11, Coral and intel

operating system and assembler knowledge wili come in useful. South London,
salary starting at up to £10,500.

6) Consultant Design Engineer to work in-house on dedicated real-time microprocessor

rocess control systems to meet specifications as laid down, mainly Intel devices,
ust be good graduate, with experience. Berks, salary up to £10,000.

6) Computer Engineers for field service, permanent site, systems test or technical
support. Vacancies throughout U.K.

Charles Airey Associates

Tempo House, 15 Falcon Road, Battersea London SW112PJ

RADIO OFFICERS

First-class, secure career opportunities.

3

A number of vacancies will be available in 1982/83 for
suitable qualified candidates to be appointed as
Trainee Radio Officers.

4

If your trade or training involves Radio Operating, you
qualify to be considered for a Radio Officer post with
the Composite Signals Organisation.

Candidates must have had at least 2 years’ radio
operating experience or hold a PMG, MPT or MRGC
certificate, or expect to obtain this shortly.

Tel: 01-223 7662 or 228 6294 (1357) On successful completion of between 36 and 42 weeks
specialist training, promotion will occur to the Radio
S Officer grade.

M E Il E A

Registered disabled people may be considered.

SALARY & PROSPECTS ¥

TRAINEE RADIO OFFICER: £4159 at 19 to £4897 at 25
and over. On promotion to RADIO OFFICER: £5698 at
19 to £6884 at 25 and over. Then by 4 annual
increments to £10,034 inclusive of shift working and
Saturday and Sunday elements. Salaries reviewed -
annually,

CELESTION INTERNATIONAL LIMITED
require

DESIGN ENGINEER

A chance has ajisen for a suitably qualified person to join Celestion's High Fidelity loudspeaker
design team. These designs range from ional loud k ystems up to state of the
art transducer tachnology. v
The successful candidate should have an Honours Degree in Physics, Electrical Engineering or
related discipline and have some d in either | design or vibration analysis.

Such a person is likely to be in the 24-30 vea iy3.
contributing to the thedretical asp e :fge group 0 years old, and should be capa

__ ELECTRONICS ENGINEER
A vacancy exists for an Electronics Engineer to join the Celestion Development team. The
successful candidate will be initially ible for the development and mai of both
Development and Factory test equipment.

For full details please contact our Recruitment Officer
otn Cheltenham (0242) 21491 Ext. 2269 or write to her
at:

Recruitment Officer, Government Communications
Headquarters, Qakley, Priors Road, Cheltenham,

Gloucestershire 3
GL52 5AJ

The candidate shouid have in both analogue and digital test equipment, including a
* ecagielimiciop: ystems as well as experience in audio amplification.
Graduates g First will be idered for both app

Candidates should apply in writing, giving details of their experiences in the above fieids to the
Personnel Manager, Celestion International Limited, Ditton Works, Foxhali Road, lpswich.
Suffolk IP3 8JP. (1676)

anmuiv=-"-""
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Appointments

SULTANATE OF OMAN
ROYAL OMAN POLICE

TELECOMMUNICATION
TECHNICIAN

The Roya! Oman Police are seeking persons for appointment
as Telecommunication Technician, applicants should be
suitably qualified with at least 12 months’ experience in the
followin%'subjects:

(A) HF, VHF, UHF Fixed/Mobile Equipment

(B) Teleprinters (Electronic)

(C) Microwave/Multiplex Equipment

(D) Marine Radar

Applicants should possess at least City & Guilds interme-
diate or equivalent. Previous Police/Military experience and a
knowledge of Arabic would be an advantage, but is not

GENERAL

This appointment is offered on contract terms of service for
an initial period of two years. Conditions of service include
annual emoluments of the equivalent of R.0.6624.000
(£10,700 at current rate of exchange) and normal benefits
which are associated with working overseas including fur-
nished air conditioned accommodation, medical treatment,
60 days’ leave per annum with paid passages, plus an end of
contract benefit equal to 25% of basic salary.

Applications with detailed curriculum vitae attached to be
forwarded to:
Inspector General of Police and Customs
Attn.: Assistant Commissioner of Police
(Personnel & Training)
Royal Oman Police
P.O. Box 2, Muscat
" Sultanate of Oman

{1669}

SYSTEMS PROPOSAL
ENGINEER

Ampex requires a self-motivated Engineer cap-
able of applying systems knowledge, to the de-
sign of television studio and outside broadcast
vehicles. :

Key requirements are:

¥ Thorough knowledge of video and audio prin-
ciples — HNC or equivalent.

Y At least three years’ practical experience in
the broadcast industry.

Y Ability to originate technical write-ups to
price and present proposals to customer re-
quirements.

Excellent salary, pension, life assurance and
permanent health insurance schemes. Reloca-
tion expenses as appropriate.

AMPEX

Send cv, write to, or

phone Maureen Brake at:
Ampex Great Britaln Ltd
Acre Road, Reading RG2 0QR
Berkshire, England

Tel. Reading (0734) 875200

(1670}
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TV,
Technicians

Salary: £11,619 per annum tax free*

for the
King Faisal Specialist Hospital and Researchentre
Riyadh, Saudl Arabia

If you have at least 5 years preventive :
maintenance experience working on a range of T.V.
systems, here is a unigue opportunity to work in the
T.V. studio attached to a modern hospital in the
capital city of Saudi Arabia. You should have had
some formal training or possess a qualificationin
electronics.

Your duties will include maintenance on a wide
range of video and audio equipment inciuding
patient monitoring systems, video and audio tape
recorders, T.V. cameras (colour and black and
white), T.V. monitors, film and slide projectors.

Benefits will include:

B 2yearsingle status W 50 days leave per

contracts, year.
extendible by B End of contract
mutual agreement. bonuses.

B Excellent facilities
for sport and
recreation.

B Air passages.

B Air conditioned,
furnished
accommodation.

B Medical and dental
facilities. -
*Salary is paid in Saudi Riyals — 6,100 Riyals per

month. Sterling exchange rate at the time of going to

press: 6.3 Riyals to the £.
Please apply in writing with brief career details, or
telephone for application form to:

Jim Hawkins

HCA United Kingdom Ltd

49 Wigmore Street

HCA

London W1H 9SLE
Tel 01-935 7185 United Kingdom Lid

Employment agency reg. no. SE(A) 4698 {1687)

EAST HAM COLLEGE OF TECHNOLOGY
High Street South, London E6 4ER

Principal: K. R. BISHOP, B.Sc(Econ.) FRSA
DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING

LECTURERIIN ELECTRONICS/
ELECTRICAL ENGINEERING

Required to teach in one of the following areas: Eiectronics and
Microprocessors, Electrical Power and Machines, Radi_o and TV.
APpropriate industrial experience with a keen interest in development
of practical and project work will be an advantaFe. 1 .
Minimum qualification is a City and Guilds Ful Technological Certifi
cate or equivalent.

Salary {under review): £5,034-£8,658 plus £759 p.a. London Allow-
ance.

Application form and further details may be obtained by writing to the
Vice-Principal enclosing a self-addressed envelope. Completed forms
should be returned within 14 days of the appearance of this advertise-

 [ONDON
BOROUGH OF o

NEWHAM —
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SITUATIONS VACANT

Metropolitan Police Office

Telecommunications
Officers

... in Central London to maintain on a shift basis the data and
radio networks associated with the New Scotland Yard Com-
mand and Control function and other operational systems.

The successful candidate will implement maintenance policy;
maintain systems within agreed parameters; liaise with Opera-
tions (Technical) Support Group on system failure and the duty
Police Officer; take responsibility for calling out additional staff
and contractors in emergencies; ensure that faults are docu-
mented for subsequent investigation and supervise the Tele-
communications Technical Officers Grade Il

Candidates must have TEC/SCOTEC certificate in Electronics,
Telecommunications or similar discipline; or City & Guilds Tele-
communications Technicians Certificate Part Il, or Part | plus

- Mathematics B, Telecommunications Principles B and, either

Radio Line Transmission B or Computers B; or ONC in electrical,
Electronic or Telecommunications Engineering or similar disci-
pline; or a pass in the Council of Engineering Institutions Part |
examination; or an equivalent or higher qualification. All candi-
dates must have had appropriate training and should normally
have four years’ experience in a related field of work. Senior ex-
service personnel with TEC/C&G recognised exemptions will
also be considered.

Starting salary £8955 rising to £10320. In addition these posts
attract £1087 Inner London weighting and a 20% shift allowance.
Promotion prospects.

Relocation assistance may be payable.

‘For further details and an application form {to be returned by 7
July, 1982) write to Civil Service Commission, Alencon Link,
Basingstoke, Hants RG21 1JB, or telephone Basingstoke (0256)
68551 (answering service operates outside office hours). Please

quoteref: T/5697.
{1686)

Desigh Engineers
Satellite Communications

To work on:
Spacecraft Systems,
Communications Systems,
Antennae Design,
Radar and Signal Processing,
Electronic Circult Design,
RF and Microwave Equipments,
Mechanical, Thermal and Dynamics Design
Recently awarded contracts have created a need for immediate
expansion of on-site facilities and the design team.
Some senior appointments have been filled from within, but there
are still opportunities for Engineering Managers and Group Leaders
to head-up additional teams now being formed.

At Senior Engineer/Engineer levels there are several vacancies in each
of the above work areas,

Qualifications required are Degree/HND/HNC in a relevant discipline,
plus experience.

Excellent salaries are offered, together with relocation assistance

if required.

Please write or telephone briefly stating your qualification, recent
experlence and area of interest, to

Jack Burnie, Marconl Space and Defence Systems, Browns Lane,
The Alrport, Portsmouth, Tel. Portsmouth 664966. ReF. BL12,

(All posts are Open to both male and female applicants).

Marconi @

Space & Defence Systems

A GEC Marconi-Electronics Company: (1665)

Classified

unior

Radio
Officers

The Royal Fleet Auxiliary has a number
of vacancies for Junior Radio Officers.
These appointments are short term
engagements of 6 months duration,
(with the possibility of extension/perm-
anent employment) and offer recently
qualified personnel the opportunity to
gain the required seatime.

Minimum qualifications: MRGC and DTI
Radar Maintenance Certificate.

Apply, in the first instance, by telephone
to:— Kevin McNicholas, RFA Personnel
Officer, (Radio), on 01-385 1244

ext. 3103.

(1683)

ROYALFLEET AUXILIARY n’n

SOUTH & WEST
£6,000—£13,000

_Several of our clients seek the tollowing
personnel urgently . ..

1. UHF/VHF/HF DESIGN ENGS.

2. RF DESIGNERS

3. MICROWAVE DESIGN ENGS.

4. UHF/VHF/HF SYSTEMS ENGS.

5. TELECOMMS HARDWARE DESIGNERS
6. ATE PROGRAMMERS

7. PRODUCTION ENGS.

8. QUALITY ENGS.

. SCIENTISTS

10. PHYSICISTS -

11. SOFTWARE DESIGN ENGS.

12 SOFTWARE PROGRAMMERS

13. HARDWARE DESIGN ENGS.

14. TECHNICAL AUTHORS

15. TRANSMITTER ENGINEERS

16. MiCROPROCESSOR DESIGN ENGS.
17. HELD SERVICE ENGS.

18. PROCESS CONTROL DESIGN ENGS.

Our clients offer excelient salaries, conditions
and refocation, Vacancies in DEVON/DORSET/
HANTS/SUSSEX_/WII.‘I’S/BEIIKS/SUIIR_EY.

Please ring or write to

CBS APPOINTMENTS
1WOOTTON GARDENS
BOURNEMOUTH
{0202) 292155 or evenings 825408

TELEVISION
SERVICE
ENGINEER

We are an expanding Television
Rental and Retail company with a
vacancy for an additional Televi-
sion Service Engineer.

Suitable applicant will pre-
ferably hold an R.T.E.B. certificate
or be training towards this qualifi-
cation.

The post is directly responsible
to the Service Manager.
. /I\ clean driving licence is essen-
ial.

A spacious flat is available if re-
quired.
Hydes of Chertsey Ltd., 56/60
Guildford Street, Chertsey, Sur-
rey. KT16 9BE. Chertsey 63243.

(1434)

(1680)

R & D OPPORTUNITIES. Senior level vacan-
cies for Communications Hardware and Software
Engineers, based in West Sussex. Competitive
salaries offered. Please ring David Bird at Redif-
fusion Radio Systems on 01-874 7281. (1162

ARTICLES FOR SALE

WIRELESS WORLD JULY 1982
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PRINTED CIRCUITS. Make your own simply;
cheaply and quickly. Golden Fotolak Light Sensi-
tive Laquer — now greatly improved and very

much faster. Aerosol cans with full instructions, .

£2.25. Develc?e: 35p. Ferric Chloride 55p. Clear
Acetate sheet for master 14p. Copper-clad Fibre-
glass Board approz. 1mm thick £1.75 sq. ft. Post/
Packing 60p. White House Electronics, Castle
Drive, Praa Sands; Penzance, Cornwall. (714

EQUIPMENT FOR coils, transformers, compo-
nents, degassing silicone rubber, resin, epoxy.

Lost wax casting for brass, bronze; silver, etc.

Impregnating coils, transformers, components.
Yacuum equipment low cost, used and new. Also
for CRT regunning metallising. Research & De-
velopment. Barratts, Mayo P.o«d, Croydon CRO
2QP. 01-684 9917. (9678

VINTAGE RADIO COLLECTOR? Full 1982
Catalogue now available £1.50 post paid from the
Vintage Wireless Co., 64 Broad Street, Staple
Hill, Bristol BS16 5N'L. Tel. 0272 565472. (1638

BRIDGES, waveform/transistor analysers. Cali-.
brators, Standards. Millivoltmeters. Dynamome-
ters. KW meters. Oscilloscopes. Recorders. Sig-
nal generators — sweep, low distortion, true
RMS, audio, FM, deviation. Tel. 040 376236(.1627
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Classified

Si IONS VACANT

| ARTlCLS FOR SALE:

MOVE INTO MICROS WITH TOP BRITISH MANUFACTURER

OMPUTER SERVICE

ENGINEER

£%2.6K10£8.4K , oxrorD-BASED

. Research Machines is looking for an
experienced electronics engineer to join
the small in-house team servicing our

_very successful and widely used
microcomputers.

With several thousands of our 380Z
systems in use, and a major range of
very exciting new products about to be
launched, the ability to maintain a high
level of customer satisfaction is
extremely important. Fast, efficient,
effective servicing and repair is,
therefore, particularly important to us.

customers;

field.

h :
Successful candidates should have: Senene

0 Experience of working with complex TTL
logic boards;

[1 ONC, HNC, or A Level qualifications, but
good relevant experience would outweigh

any lack of formal qualifications; Wwweé.

[ Initiative and a sense of responsibility;
O Good personal skills for working with

RESEARCH MACHINES

O Knowledge of microprocessors is not
necessarily required, as long as you-have
a strong desire to acquire expertise in this :

Starting salary is between £5,600 and
£8,400, depending on age and A
experience, and we also offer a number
of valuable benefits such as: a 35 hour
week; 20 days paid holiday; free BUPA;
life and disability insurance; a pension

If you are interested in this vacancy,
please contact Ann England, by phone
or letter, for an application form, quoting

RESEARCH MACHINES LTD Miill Street, Oxford OX2 0BW, Tel: (0865) 726136

RACAL COMMUNICATIONS

RECEIVERS

500 Kc/s — 30Mc/s 1Mhz wide. RA17L — £175,
RAN7E — £225. A few sets available as new at
£75 extra. All receivers are air tested and cali-
brated in our workshop, supplied with full
manual, dust cover, in fair used condition. New
black metal louvred cases for above sets £25
each. RA9SD — ISB — SSB — £75. RA218 —
SSB — 158 and fine tune for RA117 — £50.
TRANSMITTER DRIVE UNIT RAT9. 1.5mc/s —
30mc/s — SSB — ISB — DSB — FSM — CW ~
£150. AERIAL TUNING UNIT and protaction unit
MA197B — £25 to £50. DECADE FREQUENCY
GENERATOR MAJ50B Solid state synthesiser
for MA79 or RA117 — RA217 ~ RA1217 — £150
to £200. MA250 — 1.6mc/s to 31.6mc/s — £150
(New). MA259G — precision frequency stan-
dard — Smc/s Imc/s 100khz — £100 to £250.
RACAL MA152 — Standing wave ratio indica-
tor. FX2mc/s — 25mc/s Power up to 1000watts
— 50 ohms — Auto trip switch — Transistor
mains 100 — 250AC, new and boxed — £40.
RACAL COUNTER 836 (9036} 3Zmc/s TTL circuit
deso?n — fested with manual — £50 to £75,
OSCILLOSCOPES COSSOR CDU150 — 35mc/s —
Twin Beam — Solid State — £175 with manual.
. TEXTRONIC O5SCHLLOSCOPE 647,and 647A Solid
State — 50mc/s and 100mc/s bandwidth — £250
and £350. Tested, circuit and instructions.
AERIAL MASTS — we have three masts ap-
prox. 130ft high, complete with all fittings. Base
— insulators, etc, Mast steel tube 8'* all parts
alvanised, supplied brand new, all items
oxed ~ £1000 — or each complete mast —
£400.
All items are bought direct from H.M. Govern-
ment, being surplus equipment. Price is ex-
works. SAE for all enquiries. Phone for appoint-
ment for demonstration of any item. John's
Radio, Whitehall Works, 84 Whitehall Road
East, Birkenshaw, Bradford BD11 2ER. Tel
{0274) 684007. V.A.T. and Carriage extra,

—

Teleco OQilfield Services Ltd has pioneered a reliable

CLES FOR.SALE |

shock-resistant Measurement-While-Drilling (M.W.D.)
tool which saves drilling time and money, promotes

SAVE 33% on PCB 2H nolders, in boxes of 15. |
Limited offer 30. Hurry and phone 0353 778756, 1
9a.m. to 9 p.m. Save time. We represent over 30

safety and improves well-path accuracy in offshore
drilling activities. Qur dynamic growth has created a
career opportunity for an

ASSISTANT
ENGINEERING MANAGER:
(Electrical/Electronics)

This position is tocated in our facility in Aberdeen, and offers a stimulat-

ing environment with an excellent benefit package and an opportunity to

grow with the company in this rapidly expanding industry.

The successful candidate, reporting to the Engineering Manager, will
rimarily be required to provide engineering support for the Electronic
aintenance department, to introduce new tools to the field and to

exercise budgetary control over electrical and electronic activities.

Applicants should possess B.Sc/H.N.D. qualifications in Electrical/Elec-

tronic Engineering and a minimum of six years’ experience in a mainten-

ance or production environment. A knowledge of analogue and digital

electronics as employed in a hostile environment would be an advan-

.. | tage.

A salary of ¢ £13,500 and a company car reflects the seniority of this

position. Applicants should send a C.V. as soon as possible to: :
The Personnel & Administration Manager_

| TELECO OILFIELD SERVICES LTD., Hareness Circle

¢ Altens Industrial Estate, Aberdeen

Agency enquiries are not requested

TELELOD

iiaNANEEEN

(1677}

Ieading manufacturers. Free index of hand tools

and production aids. Batvale Mkt. Ltd., 50 High

Street, Sutton, Ely, Cambs. Tel: (0353) 778715&7)
(

80 x24 VDU

All the electronics for a 24 lines by 80
characters visual display unit on one as-
sembled and tested printed circuit board
measuring 8.76 inch x 6.60 inch.

You provide: power supply +5v at 1.2
amJ:s +12v/-12v at 25mA, ASC11 en-
coded keyboard, video monitor. -
The VDU-1 will talk to the R.S.232 serial
port on your computer, at up to 19,200
Baud 56 features including cursor {X, Y}

addressing.
VDU-1 Assembled and tested PCB  £135
PSU-1 VDU-1 power supply ....oourons. £32

All prices subject to £2.50 registered de-
livery, plus VAT,

SIRIUS CYBERNETICS
Comyn Lodge, 66 Holly Walk
Loamington Spa, Warwickshire_
o, (0926 316110

ARTICLES FOR SA

CLEARANCE. 40-metre reels of 38-way

screened cable, £39 each. Compiiter spec. capaci-
tors, 20,000 MSD at 55 volts, £2.50. Phone Mike
at Mirage Lighting on Hitchin (0462) 73388 be-
tween 10a.m. and 7 p.m. (1662)

8086/8088 Personality module for millenjum
series 1000 Microsystem designer £575 or will
exchange for 80A Personality module. 01-212

. 0937 days or 041-644 }455. Box No. 1678.

;)AmMETRON 477 Spectrum Analyser Freq. 200KHz-
2
HEWLETT-PACKARD 350D Attenuator DC-1MHz Og

MARCON| 888B Universal Bridge 1% 1KHz & 10KHz E£100
WAVP.{‘E KERR B901/S261/R261 Admittance Bﬁdﬂlﬁﬂ;

250MHz
MARCON! TF.2424 VHF/UHF Freq. Meter 4 Digit DC-
512MHz £100

GAUMONT KALEE Flutter Mete:
MARCON| TF.893 Powar Moeter.
MA‘GRACONI TF.2800 Sens. Valve

x

WAVETEK 740 Phase mater 10Hz-2MHz............c..c... £228
TEKTRONIX 584 Storage Scope DC-10MHz c/w 3A8 &
383 Plu%-lm £275
ADVANCE SG.82B Signal Generator 150KHz-220MHz
AM. to 30% £00
sfPVANCE HIE Signal Genarator 15Hz-50KHz Sine/Sq.

ADVANCE SGB5A Oscitiator 10Hz-100KHz Sine/Sq. O/P,
06V £85

MARCONI TF.2850 Mobile Radio Test Sat.
mat':‘om TF.1068B AM/FM Signel Ge
2

£500
MARCONI TF.1101 R-C Oscillator 20Hz-200(Hz... £
PHILIPS PM reo Generator.....

BPL CZ457/4 Componen
Channel Automator ....
FERROGRAPH RTS.2 Recorder Test S

_ Send SAE for list to:
MARTIN ASSOCIATES
'PARTHIA’, BECKRAMPTON

MARBOROUGH WHTS. (o0
TEL AVEBURY (067-23) 219

{1645}

WORLD'S BIGGEST
INFORMATION SERVICE

By retum post — service/workshop manuals. Ovar 2,000
Sony — over 300 different CTV plus huge stocks VCR/TV/
Audio/foreign and UK.

Any single service sheet £1 + sae. Repair data named
TV £6.50 {with circ. £8.50). SAE brings free—50p mag-
i ice i gai ions — unique

ublications.
SWW, 76 Church Street, Larkhal! (0698 B233M),
Lanarkshire ML3 THE, (1637}

' DIODES, RECTIFIERS, THY!

~=T0 MANUFACTURERS, WHOLESALERS

BULK BUYERS, ETC.
LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

' "SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
l-?ISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA-
MICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE,
CABLES, SCREENED WIRE, SN?ERF%NS NUTS, CHOKES, TRANSFOR-
, etc.
ALL AT XKNOCKOUT.PRICES — Come and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713

BROADFIELDS & MAYCO DISPOSALS
21 Lodge Lane, North Finchley, London, N.12

{5 minutes from Tailv Ho Corner}

—_——— . ——

{1613)
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ARTICLES FOR SALE

INVERTERS
High quality DC-AC: Also “no
break™ {2ms) static switch,
18" rack. Auto Charger.

~ COMPUTER POWER SYSTEMS
Interport Mains-Store Ltd.
POB 51, London W11 382
Tel: 01-727 7042 or 0225 310916

'
" THE SCIENTIFIC
WIRE COMPANY

P.o. Box 30, London, E.4

ENAMELLED COPPER WIRE

SWE 1b. B8oz. 4oz 20z

81029 276 150 80 .60

301034 320 180 .90 .70

351040 340 200 1.10 .80

411043 475 260 200 1.42

47 837 532 319 250
849 159 958 6.38 369

SILVER PLATED COPPER WIRE
“1die 30 6.50 3.75 220 1.40
TINNED COPPER WIRE
140 30 3.38 236 134 90

JPrices includa P&P. VAT and Wire Data
. SAE for fisl. Dealer enquiries welcoms,
Reg Oftice: 22 Coningsby Gardons,

- —

oo

3 ]

POWER V MOS-FET
TECHNOLOGY

Wa specialise in all aspacts of this important

subject. A comprehensive service is offered to

individual or OEM users, including:

* Hitat':(hi Supertex and REA V RAOS-FET from
stock,

* V MOS-FET power modules from stock.

* Competitive prices (120 watt modules
£15.45, 1 off).

Y Printed circuits and kits,

% Data books and application notes.

* Design, evaluation and advice service. .

Catalogue/sample data sent free (50p stamp

agpreclated towards post and packing). !

Phone (2514 and ask Richard Walsh

about your application requirement or write:

AUDIO TECHNOLOGY
Freepost, Church Crookham

Aldershot, Hants. GU13 OBR

TIME WRONG?

ALWAYS CORRECT with an MSF CLOCK
— never gains or loses, SELF SETTING
at switch-on, 8 digits show Date,
Hours, Minutes and Seconds, larger
digit *‘Hours and Minutes for easy
QUICK-GLANCE time, auto GMT/BST
and leap year, also parallel BCD out-
put for computer or alarm, etc, and
STOPCLOCK. )

Receives Rugby 60KHz atomic time sig-
nals, built-in antenna, 1000Km range.

Fun-to-build kit (ready made to order)
includes all parts, printed circuit, case,
Instructions, postage etc, £62.80,
monay back assurance so GET the
TIME RIGHT now.

CAMBRIDGE KITS
45 (WG) Old School Lane
Milton, Cambridge.

{1682}

Private enquiries. send 13p 1 SI3MDS for brochury |

THE QUARTZ CRYSTAL CO.LTD.

.C.C. WORKS, WELLINGTON CRESCENT
NEW MALDEN. SURREY  01-9420334 & 299

2 486 3464, 9a.m, to 9p.m. (Sussex)

WIRELESS WORLD JULY 1982

Miohictorvy com

(8493}

WORKBENCHES, secondhand.. Ex-ITT Ty
facttila Open- or cubicfe-style, need space, De.
tails:

SERVICES

CAPAClTY AVAILABLE

e

control systems

Micro Processor Design

AN Oummdmhmu%m’mm

N \ Design to Mannfacture

mlcro @ Artwork @ Prototype Development @ Testing
@ Board Manufacture @ Assembly @ Packaging

For more information contact Micro Control, 1 Cherrywood Drive, Aspley,
Notta. NGB 3NN. Talephons 0602 208281 (24 hour servics).

(1597)

Prototypes, Final Assembly.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A. Consultancy,

Quality workmanship by professionals at economic prices.
Please telephone 01-767 1233 for advice or further details.

1 FRANCISCAN ROAD
TOOTING, LONDON SW17

(1391)4

TW ELECTRONICS LTD:
THE PCB ASSEMBLERS

More and more companies are investi-
gating the advantages of using a profgs-
sional subcontractor. Such an undertak-
ing requires certain assurances. 3
TW are able to satisfy all of them —
quality, competitive pricing, firm de-
livery, and close co-operation with the
customer. +
Assembled boards are 100% inspecte

before flow soldering and reinspected
after automatic cropping and cleaning.
Every batch of completed boards is
issued with a signed certificate of

conformity and quality — our final
assurance.

For further details, contact us at our ne
works: n

Blenheim Industrial Park
Bury St. Edmunds
Sutfolk IP33 3UT
Tel: 0284 3931

(1466)

Design Engineers

DIGI-TEL
ELECTRONICS

® Video character & image
generation systerns

® Microprocessor-controlled
video systems

® Prototype & small batch
production capacity

20 Trenches Road,
Crowborough, Sussex

Tel. (08926} 5069

FACILITIES AVAILABLE
% Circuit Design & Development
Bigitl and Analogue

Y Artwork Layoist ™ p
Free prmotyt%e Eg {non PTH)

Supplied wi ers over £100.
Y Board M ur

Full test facilities available.

% Copper Clad Board

D/$ fibreglass 1000 8q inches of assorted
usefut sizes. £6.00 inc. post.

‘One or all services avsil-
able, no order too small.
Please tetephone Cheims-.
ford 357935 or write to
H.C.R., 1 Bankside, off New
Street, Chelmsford, Essex.

DESIGN AND DEVELOPMENT. ANAL-
OGUE, DIGITAL, RF AND MICROWAVE
CIRCUIT AND SYSTEM DESIGN. Also PCB
design, mechanical design and prototype/small
batch production. —. As?:‘nmon Limited, Unit

SMALL BATCH PCBs produced from your art-
work. Also DIALS, PANELS, LABELS. Cam-
era work undertaken, FAST TURN:
AROUND. — Details: Winston Promotions, 3
Hatton Place, London ECIN 9RV. Tel: 01-405
4127/0960. . (9794
SHEET METAL WORK, fine or general front
els chassis, covers, boxes, prototypes, 1 off or
atch work, fast turnround. — 01-449 2695. M.'
Gear Ltd., 179A Victorta Road, New Barnet,
Herts. C (812

DESIGN SERVICES, Electronic design de-:
velopment and production service available for
digital and analogue instruments. RF Transmit-
ters and receivers, telemetery and control
systems. 20 years’ experience. R.C.S. Electronics,
Wolsey Road, Ashford, Middlesex. Phone Mr

alkner 53661. . | (8341

ARTICLES FOR SALE

NEW BOXED VALVES: 212E/£150, 304H/£40,
12A/£3, 2GA/£3, 35TG/ES, 46/£2, SRAGY/E],
6AL5/50p, 808/£4, 8012/£3, 101D/£3, 1616/£2,
C6A/£S, CV177/£15, DET10/£5, DET25/£10,
"EF50/£1, E91H/£1, E92CC/50p, EL81/£1,
GTI1E/£5, LS7B/£3, 1.s8/£3, PT18/£2,
PEN25/£1, VT25/£3, TT11/£1. SAE catalogue or
hone (0803 28489, Radel Electronics, 86 (lmon

gtreet, Torquay. 673)

103 Liscombe, Bracknell, Berks, Tel: Bracknell
- (656

—
[}
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= Dayville Services
=, Limited -

A complete P.C.B. service offered. We
will work from your circuit diagram and
produce the finished board.

Any type of board manufactured includ-

in? double-sided and P.T.H, Legend and
solder resist available if required.

Our rates are very competitive and we
offer a FREE collection and delivery ser-
vice on orders above £200. Turnaround
can be as little as three days.
Telephone Colchester (0206)
-71000/889514 with your P.C.B. require-
ments and we will be happy to oblige.

40 Mititary Road, Colchester CO1 2AN.
, {1490)

30,000 SERVICE SHEETS IN STOCK
COLOUR MANUALS ALSQ AVAILABLE
TV Monos £2, Transistor- Radios £2,
Tuners £2, Tape Recorders, Record
Players and Stereograms £2. Stamped
addressed envelopes with all quota-
tions. Also colours available. Car Radios
£3 + stamped addressed envelope, All
valve radios £2. Stamped addressed en-
velope please. Quote advert. no. with

order.C, CARANNA
71 Beaufort Park, London NW11 6BX
01-458 4882 (Mail Order) {1325}

BOARDRAVEN LTD.

PRINTED CIRCUIT BOARDS

Manufactured to your specifications. Single/dou-
ble sided. Very s&aedy deliveries on prototypes
and quantity. Master layouts if required.
Contact:
J. K. Harrison, Camaby Industrial Estate, Brid-
fington, North Humberside Y015 3QY. Tel.
0262) 78788.

: {1168}

PCB/equipment assembly/wiring from proto-
typddmw?lfgs Fast turnround, Tel. 01-390 %236

BATCH PRODUCTION wiring and assemblk
to sample or drawings. McDeane Electricals Ltd,
19b Station Parade, Ealing Common, London
W5. Tel: 01-9928976. - -~ -~ ~ (169

ELECTRONIC DESIGN SERVICE. Immedi-
ate capacity available for circuit design and ‘de-
velopment work, PC artwork, etc. Small batch
and prototype production welcome. — E.P.D.S.
Ltd., 1A Eva Road, Gillingham, Kent. Tel: Med-
way (0634) 577854. (9667
PCB ASSEMBLY/WIRING from drawings/
sample: Fast turnaround. J. Forsyth. Tel. EOGM)
65011. s 1517)
BATCH PRODUCTION, printed circuit or wir-
ing assembly, to sample or drawing. Quotations
free. Contact B. Rose, Remploy Ltd., P, & A.,
Mile Cross Lane, Norwich, Norfolk NR6 6SV.
0603 414949. y (1665)

ARTICLES WANTED

WANTED

Test equipment, receivers, vatves, transmit-
| ters, components, cable and electronic
scrap, any quantity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO
86 Bishopsgate Street
Loeds LS1 488
0532-35649

WANTED FOR CASH: 7F7, 7N7, 53, 6L6
metal, 304TL, 4CX1000A, all transmitting,
special purpose valves of Eimac/Varian. DCO,
INC, 10 Schuyler Avenue, North Arlington, New
Jersey 07032, USA. ) (1625

SURPLUS WANTED. Radio and electronic
components, aerials, cable wire, test equipment,
switches, valves, connectors, relays, PCBs. A. C.
Townley Ltd., Windsor Road, Todmorden,

Lancs OL14 5YA. Todmorden 4934.

PHONE YOUR
CLASSIFIEDS TO

IAN FAUX
“ON 01-661 3033
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Thurlby 1503 (0.05% acc.) —-£149 + VAT available ex-stock.
1503-HA(0.03% acc) -£165 + VAT :

Full data from Thurlby Electronics Ltd. Coach I\)lews, St. lves, Cambs. PE17 4BN Telephone: 0480 63570

Ton Vit
(NP5 ey, 3 2%

TRC
1 e

even higher accuracy |
-~ at remarkably low cost

0.03% accuracy on dc volts

4% digits (32,768 counts)

® 10V, 10mQ, 1nA resolution

® 7 functions including Frequency

@ Current measurement to 25 amps

% @ Mains/Battery, fully field portable
@ Full range of accessories available

J[Thuribv] SfE

designed and built in Britain

WW — 056 FOR FURTHER DETAILS
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T MULTI-PURPOSE
0sCl OPES

SO ADVANCED
THEY COST YOU LESS

The Tektronix 2200 Series.

Simply great.

/

Tektronix 2215

Tektronix traditions of excellence in
designing and manufacturing oscillo-
scopes are recognised all over the-
world. But rather than rest on past

Jaurels, we have veered dramatically

from the well established design paths
we ourselves have laid down.

With the 2213 priced at £670* and the
2215 at £850*, these 60 MHz dual
trace oscilloscopes are an entirely
new form of instrument.

Their most remarkable characteristic
is the way in which major design
advances have provided full-range
capabilities at prices significantly
below what you would expect to pay.
How has this been accomplished? To

‘begin with, we have reduced the

number of mechanical parts by more
than half. This not only saves manu-
facturing time, it lowers costs and
improves reliability. :

P R - i

Board construction has been greatly
simplified and the number of boards

reduced. Board connectors have also

been reduced substantially and
cabling cut by an amazing 90%.

The 213 and 2215 have a high effi- -

ciency regulated power supply which
does away with the need for a heavy

power transformer. There are no line-

_voltage adjustments. Just plug the
instrument into a power socket supply-

ing anything from 90 to 250 volts,
48-62 HZ, switch on and you are
ready to measure. Power saving
circuitry has eliminated the cooling
fan, resulting in further economies in
size and weight.

These scopes have it all. Dual trace.
Delayed sweep for fast, accurate
timing measurements, Single time
base in the 2213, dual time bases in
the 2215. An advanced triggering

system,_ automatic focus and intensity.
Beam finder - and much more.

interested? Then why not telephone

- your nearest Tektronix office or circle
the enquiry number for further
information.

Performance Specifications
Bandwidth

Two channels, DC-60 MHz io 20
mV/div, 50 MHz to 2 mV/div.

Light Weight

6:1 kg (137, Ibs). 6.8 kg (15,0 Ibs) with
cover and pouch.

Sweep Speeds

Sweeps from 0,5s to 0.05 ps (to 5
ns/div with x10 magnification).
Sensitivity

Scale factors from 100 V/div (10x
probe) to 2 mV/div (1x probe).
Accurate to + 3%. AC or DC coupling.

Also available from Electroplan:
"* Prices subject to change without notice.

Teklrongtguk Limited
PO Box 69, Harpenden, Herts. A
Tel: Harpenderi 63141 Telex; ZlégngP

Regional Telephone Numbers: Maj
0628 73211, Manchester 061 42?8?8863(1
Livingston 32766, Dublin-850685,/850796

pPT2086

www_americanraéliohistorv_com
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Tektronb¢

COMMITTED TO EXCELLENCE
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CW name In quanty sc
dow there is another choice in high quality solder. The new Oryx resin cored solder. Try it and you will find it spreads
easier than the solder you are using.
~ Specially formulated for fast precision solder work, it is 60% tin, 40% lead alloy with quality flux construction-and melts at 183°C.
; Two gauges are availoble-18 SWG (1.2mm) and 22 SWG (0.71mm) in 2.5 Kg, 500g, 250g and 1009 reels. Pocket size
dispenser with 10 feet of Oryx 1mm solderis also availage at only 68p (+VAT).
Oryxis competitively priced—write now for details and technical information.

Greenwood Electronics

Greenwood Electronics Limited, Portman Road, Reading,ﬂ(ﬂ\ilf RG3 INE. Telephone: (0734) 595844. Telex: 848659

The TC82-a significant
development in
temperature
controlled
soldering

Thenew Oryx TC 82 has features unique to any
temperature controlled precision soldering iron.
Available in24V, 50V, 115V and 210/240 V models,
‘the TC82 has a facility allowing the user to accurately
dial any tip temperature between 260°C and 420°C
by setting a dial in the handle without changing tips.

This eliminates the need for temperature

measuring equipment. You get faster and better soldering.

For24 V models a special Oryx power unit connects directly to the iron and contains fully isolated transformer to B$3535, a

safety stand, tip clean facility and illuminated mains socket switch.
The Oryx TC82is also extra-safe. Removing the handle automatically disconnects the iron from power source.
Other TC 82 features include: Power-on Neon indicator in handle; bumn proof cable; choice of 13 ip styles.
And more good news
The OryxTC 82iron costs only £13.00 (+VAT) and the power unit for24 V operation £23.00 (+ VAT).
The TC82 240 volt is also available as a 30 watt general purpose iron at only £3.95 (+-VAT).

Greenwood Electronics

Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844. Telex: 848659 -
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